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1S MANS been around 


HE KNOWS WHAT CONTROL INSTRUMENTS CAN DO FOR 
EVERY INDUSTRY. HAS HE BEEN TO YOUR PLANT YET? 
























\I ET a man who can save you 5 hours from smoking time and. sub- To: Gad ‘sak Tawe: ns wat: « E 
> oohnaaeds He's been around a lot, in stantially reduced shrinkage. maximum out of control bates 
all kinds of plants. And he knows how He’s a Tavlor Engineer, ao man is seins Waal oak ne : 
automatic control nstrumet ts can help whose experience helps design instru Tas - Representative, or itn” 
manentaan the quality- and reduce the ments for indicating, recording and Instrument Companies, Rochest: \ 
cost of all kinds of products. From controlling temperature, pressure, flow York. Plant also in , a, 
BOUPS to sausages. From oil paints to and level, Mattactuncesintincis ethein.. 
pen ‘ wood and paper. You'll find this man eager to discuss & Mason, Ltd., London, Enelat 
His work in a certain woolen mill — control a ae 
reduced warp loom stops by 40°C, and every step of vour manufacturing pro 


saved 5 tons of coal weekly. In an oil — cess with you, to show just where and 











refinery, he showed the plant manager — how Tavlor Control ean help maintain inate 
how to increase the gasoline vield 1‘ the quality of vour product and pir Indicating Recording - Contr o! 
. 2 . ro 
man average daily run of 4,000 bar for itself through smoother, more effi : pest 
rels. Ina meat packing plant he cut — cient plant operation. easing pte norcs 
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OPTICAL EQUIPMENT OR OPTICAL PARTS 


Whatever your optical requirements may be, 
you can almost invariably find the answer 
among B & L Products. As America’s leading 
optical institution with over 80 years of expe- 
rience, Bausch & Lomb pride themselves on 
their wide range of optical products and the 
excellent quality of those products. Complete 


B & L MICROSCOPES 


The B & L Wide Field Binocular Micro 
scope with magnifications from 7 to 150 
diameters fills the gap between the magni- 
fier and the high power microscope. It is 
valuable for all types of inspection. The 
line of regular B & L Compound Micro- 
scopes includes Laboratory, Research and 


Petrographical Models. 


control of manufacture—from the glass (in the 
B & L Optical Glass Plant) to the final inspec 
tion—assures that quality. The products listed 





here are but a few typical examples. If you 
need optical equipment or optical parts, write 
to Bausch & Lomb Optical Co., 
N. Y. 


615 St. Paul 
Street, Rochester, 





B & L PHOTOMICROGRAPHIC EQUIPMENT 


With this equipment valuable records of 
microscopical observations can be made 
for future reference. Numerous models are 
available including special equipment for 


metallography. 








B & L SPECTROGRAPHIC EQUIPMENT 


A complete line of this equipment and 
accessories greatly simplifies and speeds 


up chemical and metallurgical analyses 


B & L OPTICAL PARTS 


A variety of lenses and prisms of glass, 
quartz, calcite and halite as well as mirrors 
of all types, are offered for research and 
experimental work, They are made with 
the precision which characterizes all B & 


L Products. 


BA USCH_& LOMB 





. WE MAKE OUR OWN GLASS TO" 
INSURE STANDARDIZED PRODUCTION 


4 oF fms 
& : 


FOR YOUR GLASSES INSIST ON B&L 





ORTHOGON LENSES AND B&L FRAMES... 











SPECTROPHOTOMETERS 





Accurate and Consistent 


® Analysis, Standardization and Specification of 


Color 


® Reflection, Transmission, and Density Meas- 


urements 
® Extinction Coefficient Determinations 


Equipped with Rapid Setting Wavelength Spec- 
trometer, Martens Photometer, Ventilated Illumi- 
nating Sphere, Optical Bench Base. 


Descriptive Bulletin 142 on request 


The Gaertner Scientific Corp. 
1211 WRIGHTWOOD AVE., CHICAGO, U.S.A. 

















MILLIAMPERE SECOND METERS 








Recently developed instruments for indicating QUANTITY 
of electricity. Single, double, and triple ranges, with sliding 
scales. Illuminated dials. Both A.C. and D.C. types. Two sizes 
—Let us send you detailed information 


Gentiemen: Please send details on MILLIAMPERE SECOND METERS 


NAME 
ADDRESS 
CITY & STATE 
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Technological EMployment 


MOR years Jnstruments has been showing 

that technology creates jobs; asserting that 

those who cry “technological unemploy 
ment” have ulterior motives of a sinister, anti 
\merican sort.’ 

We had written a polished, polite, emotion 
less editorial for this Special Issue but tore it 
up in a fit of patriotic indignation when we 
saw the Jan. 10 “Washington Merry-go-round” 
syndicated column by Pearson and Allen, con 
taining the following: 

Roosevelt had before him a confidential economic study 
which . . . warned that there would be little improvement 
n the unemployment problem during 1939. Continued un 
employment was attributed te two factors: technological 
developments in industry which are steadily wiping out 
jobs, and the annual influx of young workers... 

We don't know the alarmists referred to, but 
we Know that they're all wrong. 

If we are to have “continued unemployment” 
it will be chiefly because of millions of dole 
made unemployables, because of continued per 
secution of industry and in spite of the fact that 
technological developments in’ industry are 
steadily creating new jobs! 

Let no one dare accuse us of political pat 
tisanship! Several times in 1933 and. several 
times since, this page has endorsed most objec 
tives and certain specific policies of the Admin 
istration. What we declared in January 1934 
still goes: 

We are all for the Roosevelt Reconstruction idea of 
equitably spreading both purchasing power and leisure, but 
.. . to increase both leisure and industrial activity we must 
adopt more and more leisure-preducing instruments and 
control devices. 

In this Special Issue, prominent authors re 
port what instruments do for their respective 
industries; and the symposium as a_ whole 
shows that to the nation as a whole instrumen 
tation is a pure blessing. We invite the atten 
tion of the President and Congress, of Gover 
nors and State legislatures, and of other leaders, 
to the findings of these authors. Here, at last. is 


S ' rt : | | 


“competent evidence” desired by legislators and 


executives an overwhelming mass of it from 
which we quote a few really typical extracts 
Use of instruments has materially helped the workman 11 
gaining confidence in himself during the firing operat 
and permits him to operate more units and turn out 
larger amount of perfect ware, both of which contribute 
a reduction in cost—a reduction which is eventua reflected 
n the wages ne recelve Reductiot n cost make i 
wider market available, permits the industry 1 mpl 
more workmen. Therefore, the instrument should 
thought of as displacing met Dut as a me 
ing the number of wage-earners in a particular indust 
Reaction, filtration, distillation, evaporation, crysta a 
tion, drying—all are unde? trumental contr | 1 


initiated might wonder that any human operators would be 
required at all.... [But] men must still be present to super 
vise and service the instruments and keep a watchfu 
on things in general. 
Instrumentation is synonymous with progr 
tributed to safety, cleanliness, better working condit 
more pay per hour, and more leisure for the men emp 
by the industry, while satisfying the requirement 
steel consumer for a better product at reduced 
Through instruments many uncertainties of the human 
element have been eliminated and the safety of plant opera 


tion has been increased. Without instruments modern ma 
producti mn of the many article } ommon u i \ i 
articles made to highest standards and pre¢ n, would be 


mpossib eS. 


Present-day competition mak t imperat 
produce the best quality at the lowest cost; 
* modern industrial instruments 
ping us to achieve these end 
They | nstrument } ave ilso made t ] re} i ! 


{ +] + 
easier ror tne operator 


An Cl is€ é i nal 
aintenance of the instrument etter 
f me . Modern nstrumentatior 
nultife hat refiners feel a dist 
eourses the l é t 
Instrume! ! f powe du 
nic ab ) ‘ t 
rectly in « ed and ne S I 
( i ibor required au rie 
eaper powell and tne devel pment 
Curing time has been reduced, hard manua 


been largely minated permitting 


nNalntaln sx« hedulk Witnout naving to go throug 
cated hard-to-remember, fatiguing routine for ea 
Hard It \ sualize t day’ product l i qd 
benefit of instruments. The teady flow 
| receiving platforn t the warehouse ind 
customer is only possible if uniforn 
Normal pe rat il? hex 
dependent upon instruments and controlle 
| whole ¢ ! ! I d safe 
ortatior depends ; 
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R. KR. HELLMAN (2nd Prize 
\ n < | st Priz W tk. STACKHOL SI trd Prize 


“Grand Young Man” of Railroad Research 
Wins First Prize in Essay Contest 


[* i New York hotel conference SECOND PRIZE, $100 


m, late in the afternoon of Dye An Audio frequency Spectrometer” 
cember 6, seven weary met live R. K. HELLMAN, elec. engr., 
udges and two officials—sighed witl ransatlantic Research, Inc., New 
relief when, after scrutinizing manu York City 
script all day, they reached final , 
.vwreement on twelve prize-winning THIRD PRIZE. $50.00 


essays and on sixteen honorable men 
ions. They had scanned many lengthy 
entries and some brief ones; some 
purely textual, others accompanied by 
photographs and diagrams. They were 
ired. Yet they burned with curiosity 


‘A Hydrogen Sulphide Recorder” 
Wilton E. STACKHOUSE, technician, 
United Gas Improvement Co., Phila 
delphia. 


. FOUR FOURTH PRIZES, $2 0 eact 
s the moment came at last for open 4 
, } , \ut tic Control Applied to tl Diesel 
ing tne ealed name-envelopes. Most Envir Geo B. Bailey, pr The ; 
ager were they to know who had Engineering C Bostor 
written the outstanding cupola-contro] Application of a Multi-pointer Gage for 
essay to which they had unanimously Speed Measurement H. A. Kleinmar 
. . " . ? I ite \ " fz olir ] 
ind admiringly awarded the first prize. nited Power M : Moli 
, } , } , e ? \ Ser t Metl 1 f Flow ( ntrol 
ne by one tne envelopes were MOG M tin ene feet sen 
pened, the hidden names and ad Chlorine Products Corp., South Charlestor 
PSS vere withdrawn and each slip West \ 
as pinned to the manuscript bearing Sugar Boiling by Instrument Control 
he same number. When the identity W Iter I = th, technologist, C. Brewe 
. ; & « Ltd Honolul ' i 
f the first-prize winner was disclosed, ° Hawai 
or tw exclal 4 via} lie, ( <1) : 
ne i wo xclaimed “I’m ar ul FIVE FIFTH PRIZES. $1 om" 
sed ief sul ise was that e 
] t ( é irprise¢ va tnat e! , \ ; bids iia ee Se 
trants represented not only every sec & ed Absorption & Oxidation Recorded 
tior f the United States but three k [re ire Recorder Sherman Chast 
foreig? ‘countries! To make a long né ; net Iilir > Cor} 
ere ° 
ri t short. here are the results 
Ss I i l Me " nt H 
‘y tr I ivst Wr nt \ T 
FIRST PRIZE, $200 , Paterson, N. J 
‘ i 1 Me PlLtT i ‘y T 
I ! Bu Cor t G 


Automatic CO Compensator To 


‘ 099 G t ! , Per Wat 
Cupola Control”—F. K. VIAL, vie a. 
pre n charge of research, Ass’n. of The Steam Engine Indicat Dif 
Mfrs f Chilled Car Wheels, Chicag f nt re ire Gage Wr RB. He 
’ } ; ’ ‘ TY 
I t Ss ! t S nt Ap} is M 
I I t r of Instrume s. JURY OF AWARD 
I I ) N r Bu 1 of Stand Ve ! s, M. F. Bét 
M | I t I t, Nela Park | ‘ Dept Ga-k. 
I b., Dow Cl & BS. 3 tt, Head Eng. Dept 
‘ cz « WD ( ! at | 1 ( I Industrial Instrur nt Ss SA M.A 
x ( | I Inst ents Publishing ¢ ind the Sponsor ; 
tl I tt ! t itted Some w b b } n Jnstruments 
’ ] t 1 iflc y ety r I f a ls l 









Instrumentation Contest judges and officials in Hotel C¢ 


rk, Dec. 6, 1938 (in the morning, before the 


showed the strain of their work) 
Left to right—Standing Sprague (J), Rimbach (QO). §$ 
Behar (J), Pigott (J), Roberts* (O), Briggs (Chmm J), Gret 


\ \ 


THE WINNERS! 


Born in Illinois in 1864, Vial too 


his B.S. a mere fifty-four years ag 
his C.E. even more recently. Sin 
then, of course, he hasn’t had the tin 
to do much, but the record of } 
achievements which we received fro 
his office fills three pages of single 


spaced typewriting. Items: engineer 


ing jobs with railroads 1887-1902; 
car-wheel industry 1902 to date; eig! 
important patents (and _ lots 
others!); first to successfully app 
the hot-blast to the cupola; first 
commercially desulphurize cupola iro 
runs the lab where all pyrometers f 
his industry (50 plants) are cal 
brated; runs his industry’s resear 
lab; active on various university, co! 
pany and ass’n. research projects; 
many society and government tech: 


cal committees... ete., ete. 


After taking his degree in 19 
Hellman worked on gas-discharge 1 
search problems in Aachen (wit 
Rogowski who introduced the hig 
speed c-r. oscillograph in Europe). | 
1933, he joined the Siemens & Halsk 
lab in Berlin, where he develope 
acoustical, a-f. 
equipment. Since 1937 with Trar 
atlantic Research, Inc., N. Y.,in charg 
of engineering related to export 
special radio and h-f. equipment, al 
consulting and design work on so 
and radio measuring equipment. 


Born 35 years ago in Pittsburg 
Stackhouse took his E.E. at U 
Penna. and has been U.G.I.’s chase 
of-impurities-in-gas, developing ne 
methods so distinctive that his Conté 
essay came near being disqualified 
‘not new” when a judge (mea culpa 
remarked: “This set-up reminds n 
of one described a couple of years a 
by a U.G.I. man named Start 
Stark. However, it’s for a differe: 
gas so let’s hold it for final grading 
No wonder it was reminiscent of tl 
article by Stackhouse in our June 19 


issue: it bore the same master toucl 





and r-f. measurins 


























































Function of Me asurement 


HIEF among the charac 

teristics of modern tech 

nology has been the grad 
ual adoption of quantitative 
methods of and 
control and _ intensification of 
organized industrial 
particularly in mass production 
industries. Without the develop By 
ment of appropriate tools, how 
ever, quantitative analysis and 
control as practiced today would 
not have been made possible. In a 
many instances, industrial in- 
struments are employed as tools 
of measurement 


specification 


research, 


Industrial Instrument 
of Works 


report 


NATIONAI 


Thi irticle w pre 


f the Director of the 


technique and 
the development of cost account- 
ing in modern industry has also 
been greatly aided by the intro 
duction of measuring 

In practically all production processes there are present 
a large number of variables; the establishment 
relationship among them is frequently an 
which contributes to the achievement of efficient produc 
tion. Unaided by instruments, human observation is not 
sufficiently rapid or accurate to measure a large number of 
variables, particularly as they are found in many recently 
developed processes such as those employed in the manu 
facture of synthetics or alloy steels. In this sense it may be 
said that just as the development of a machine, such as the 


THEN & NOW’ 
devices. 


of correct 
essential factor 


steam engine, has made possible the extensive application 
of mechanical power by removing the restrictions imposed 
upon production due to limitations of human and 
energy, so instruments have played an analogous 
regard to human perception and judgment. 


short, 


animal 
role in 
They have, in 
removed the restrictions imposed upon many produc 
tion processes by man’s limited ability to observe and con 
trol physical phenomena. 

Among important functions of instruments is their ap 
plication for research and experimentation. Without accu 
rate measuring devices, many new products and processes 
would not have been possible. Indeed, without the f 
measuring and controlling devices it would be impossibl 
to generate and distribute electric Electric 
is subject to instantaneous application and to more precise 
control than any other form of power. It is these attributes 
which make the use of electricity basic to the application of 
many instruments in industry, and which also make the 
production and distribution of power itself dependent upon 
instrumentation. Considering the function of electricity in 
our economy, it will be readily seen that measuring 
controlling devices have become of prime importance. 


use oft 


power. powet 


and 





A 


Progress 


RESEARCH 


HEADPIEC 


America’s 


CHANGING ° 
Technology 


G. PERAZICH and H. SCHIMMEL 
Authors of 


te a ee 


The Technological Ra 
I Pride 


Techn y"\ poses practica 
problems to the scientist; the 
it ! t these yroblen 
turl Se ves toestablish the ba 
for new technique ind higrhe 
evel f technological devel 
ment. What is today a_ thee 

retical problem in which on 
few scientists are interested, t 


become a new machine 


morrow 


r } 
-“Changing Tec} Hotogd y? a wet ich 


t {Fe cts 
production techniques 


new process 
Administratio1 have far-reaching 


PROJECT 


uno! 


Science increasingly requir¢ 
1 wit! the per 1oT the of precise technical 


use 
ional Rese ch Pr 


tern 
based on a complex 


series ¢ 


E BY ETHEI measurements which cannot be 


LEVINSON 
expressed i! 
The 


brought with it the de 


terms of humar 


rap d advance 


sclence since the sixteenth century 


velopment and perfection of a large number of new inst 
ments. Many oft these Instruments were a direct outcom: 
major scientific investigations and discoveries which in tum 
had their origins in contemporary technological advance 


Measurement and control associated with instrumentatio1 
depends largely on the more general factors influencing the 
development of technology. This may be illustrated by 

brief analysis of the methods of production in the ol 


handicraft technology in 


which measurement and instru 


mentation were little known, and of modern technology 
based on the mass production methods 

In the handicraft economy, production processs ver 
carried out primarily as traditional arts by single individ 


uals 01 by smal] groups of people to whom the standard 
tion 


known. 


associated with measurement were ! 


and objectiy ity 


Manufacture was conducted on a restricted bas 


and in the majority of cases the family produced what good 


were required for the direct satisfaction of its need vel 


the specialized craftsman who made 


for consumption by others 


under the 


usually performed 


supervision of the consumer. In either case, the 


user could observe directly whether or not the product met 
his specifications 

The advent of the factory svstem marked the heginning 
of extensive changes in the character and organizat I T 
production. Goods were no longer produced by their use 
or directly for them but for a market which was continual 
growing In scope and magnitude. Consumers ceased to have 
immediate contact with producers and thus it was necessat 
that the properties of finished commodities be designate 


according to specific standards. As production became more 
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‘ t T t ~ i ] nte 
( tal t ne a et ira 
( F ni gs in the evelopment f 

t strated | the pra 
tne t t f Sf {f mass production invested 
eC! ( mit rT nk ince Si ct yoods 

t th the t ywwned by the individ 
cause f | is able to } luce a 
ict nut Vill he machine mwwned Dy the 
‘ nterest is t render the efficiency of 
1 proce ndependent of the skill of individual 

en t eration of machine becomes stand 
( t t plicatior f instrument iny number of 

‘ f ( te tr high degree of effi 
The ma funct f industrial instruments is that of 
equipment to major production units. With the 
( f these devices, various types of operating economies 
ire feasible Among some of the outstanding economies 
‘ i be mentioned tne nereased rate of operation of ma 
nery and of processes, reduction in waste of materials, 
fuel and power, continuity of operation and better utiliza 
tion of capital equipment. Instruments frequently function 
coordinate the rates of speed of one machine with anothe: 

ne process with another, thus making possible the de 

( ment of continuous processes which permit more effi 

ent ductio1 

One of tne mportant methods in decreasing waste by 
eal f instruments is by keeping operating conditions 
iniform thr hout the production cycle. In the clay and 
recelain products industry, for example, temperature 
inges in the kiln, which often occur without proper fuel 
mtrol, cause defects in the products; whereas pyrometer 
controlled kilns not only cut down spoilage but produce a 
better quality product with smaller fuel costs. In some 
ndustries, fuel and power account for a relatively large 
proportion of total operating expenses. Instruments make 
possible important savings in these items by increasing 


heat derived per unit of fuel. Cen 


Zab) 
Zable | 


tral stations used in 1936 less than 1.5 lbs. of coal per 
h. of electricity as compared with 3 lbs. in 1920 and 6.5 
I n 1902. There have been also savings in blast furnaces 
e fuel consumption declined from 3,400 lbs. per ton of 
ron in 1920 to less than 3,000 Ibs. in 1936.' Economies 
f tl nature can be accomplished through a variety of 
ixiliary devices. Gas analysis meters, for example, have 
\ it my} Se ¢« ! istior ind thereby tu als¢ the eCvVe 
1 fu ( cien¢ 
| tne ( ce istries I tat a ( ri it I ind 
Inicat ! ine I tenance t unintet ipted pe it I 
t easure of econon t an end in itself 
\ ! tie ( el l ist es 1 tem) cessa | I 
‘ { ‘ t in the p pre I n entire bat 
ct ed. I e t fields ist ment ne therefore 
ea ! re { ( nt lit \ ild re ( l elsewhere 
‘ t es ( the us f truments cal 
I nate entirely. Instrumentation, for exan 
( ely M 1cé CAaAKGd Vns fn echninel ind equi] 
ryt + ( " ! + , f ( and mainte 
nee i ( At the same me t cal crease efficiency 
the u t101 I 1 since t cut l n periods ne! 
i ( ntinulty { re ition tends also to aug 
eth ec e ¢ icit f machine ind ! this sense 
t ite to bette it itior f capital equipment 
( t ! ime! ipplicat s are specificall ntended 
ect economies the utilization of capital equipment 
I ! ndust il establishments, before additiona 
meé Ss pure! ed, the existil machinery, s carefully 
I letermining netne t S being 
‘ est ¢ icit Frequent such analysis reveals 
( { i: € l ment ready funct ning n De 
N ! | 
ana T) T ae. | T Ioln 


additional installations would 
addition to the 

significant savings in capital costs 
equipment can be extended by more uni- 
function in the production process 
f operation, supply of ma 
and pressure, contribute to 
and tear of equipment. Uniformity of operation, on 
the other hand, provides the basis for smooth functioning 
if machinery with a minimum of wear. In the rolling mills, 
pressure blocks serve to protect the equipment 
the instruments, an 
pressure on the rolls and ir 
both the and the 
fewer shutdowns for re 


expanded to the point where 


no longer be required. In increase in ca 
\ there are othe) 
The life span of 
regulation of its 
changes in the speed 
terial and fuel, temperature 


wear 


for example, 


against excessive wear. By observing 


operator can undue 
this 


rolls. 


pre vent 


way reduce the wear on bearings 
Moreover, 
pairs, the effective roll capacity is 
six-stand mill producing 400,000 tons of rolled steel a year, 


only saves $45,000 a year, but 


since there are 


increased as well. In a 


the use of pressure blocks not 
] 


also 


augments the effective capacity of the rolls.* 
Instrumentation reducing maintenance: 
maintaining uniform operating conditions. In 
me plant it was found that boilers equipped with automatic 
repairs at the end of a year 
manual control i 
three months 


also 


helps in 
charges by 


controls needed no refractory 
while 


tne same 


unde I 
every 


similar boilers operating 


plant required re-bricking 
Etftects on Labor Require ments 
The effect of 


pends on other 


instrumentation on labor requirements de 
Although instruments hel} 
requirements the effect of this 
employment opportunities depends on subse 
quent changes in the volume of output. In times of expand 
ing output when new production levels are reached, or 
industries are developed with the aid of instruments, 
opportunities for employment will tend to increase both ir 
the manufacture of instruments themselves and in _ the 
manufacture of other types of equipment used in these new 
industries. On the other hand, during the periods of de 
output, when pressure for economies in productior 
installation of instruments for the 
f reducing costs, their function as auxiliary de 


economic factors. 


in reducing labor unit, 


pe a 


on ove! all 


vher 


new 


clining 


makes necessary the 


purpose ( 


vices would have the 


opposite effect. 
been a stimulus to obtaining 


of labor 


Instruments can be and have 


new peaks in production by aiding in the increase 
productivity and in the development of new products and 
services. During the last eight years, notably from 1929 


1935, however, their function in the industries which are 


the largest purchasers of instruments has been to reduce 


costs and the per-unit labor associated with production. 
vels of production and highe 


living standards were the primary objectives for the appli 


If attainment of greater le 


eation of available industrial technology, progressive in 
trumentatio1 uuld be an obviously beneficial social goa 
The future role of industrial instruments in the economy 
ind their effect on employment will depend, however, upor 
the extent to which such objectives are in conflict with im 
mediate pressures I cost reductions through economies 
in labor utilization regardless of the levels of productior 
i emi vn T 


TRENDS 


and Output oft 


Table 1 shows that except for the 
1919-2] 
as characteristic of both 


The upward 


pe riods of 
1929-33, rapid expansio! 
industrial instruments and all 
trend of industrial instru 
much more striking, increas 


general 


depression, and 


yusIness 


ther instruments 


} 1 ] 
saies nowever, nas veel 


ment ’ 


ng from 4.5% of the total output of all type instrument 
n 1909 to 25.7 In 1935 
New D Level Steel, Vi 
Mair e | \ 1 ( al Age, Vol. 32 
; 10 } % 
T ~ , — tat y empl ed I preparing the 
{ presented her ! escribed in more detail ir 
] “ne ‘ a ! ) Technol (Works Prog 
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) tro? t I) trial Instrument Sale Furthermore, the year 1935 alone is treated here and it is 
| to Functional Type probably true that the relative magnitude of purchases of 
es of instruments prone wv be furthe ker individual industries varied more over longer periods. 
ecording to their function either as indicators. r Data obtained for earlier years, while insufficient for 
lers controllers. It was found that the sales of con complete distribution of sales by industry, have been en 
t ng instruments increased much more rapidly than did ployed in the case of six of the industrial groups, for the 


se of indicators and recorders prior to 1929. During the Construction of indexes which show the trend of sales dur 


ibsequent depression, sales of this type declined less rap ing the period of 1923-35. See Table 7. The purchases of 
dly than did those of indicators and recorders, and finally these six industries exhibit the rising trend and cyclic fluctu 
ifter 1933, the controlling instruments experienced a greatet ations which are characteristic of total industrial instrument 
sales. Separately considered, however, they reflect definite 
variations in rates of instrumentation. It will be noted, fo: 
example, that from 1923 to 1929, the purchases of the 
nly 7.7% of the total value of industrial instrument sales chemical industries were increased by approximately 750‘ 
while purchases of the ceramics industry were increased by 


ecovery These devel pments are reflected in a regular in 
crease n the proportion of total sales represented by con 
s. Whereas this type of instrument had constituted 















































































n 1923, by 1935 they represented 33°‘ of the total. The 
de utilization of the control type instrument for automatic only 20°. These differences, as well as others shown by . 
egulation of industrial processes is essentially a develop Table 7, are striking and taken in conjunction with the ; 
ment of the post-war period. Although the eo were a fey data presented in Table 6, indicate that the application of 
nstruments of this type in use at the beginning of the measurement technique has proceeded much more rapidly 
twentieth century until about 1919, they represented a neg in some industries, particularly in the metals, petroleun , 
gible proportion of industrial instrument production. and chemical industries, than in others S 
Although controllers are gradually superseding the sim b 
er indicating and recording types, this development seems d 
t vary considerably with the subject of measurement. FUNCTIONAL ANALY F NEW INSTRUMENTS APPEARING e 
For example, as Table 5 shows, only 15° of the flow THE MARKET AS REPORTED BY INSTRUMENTS, 1928 r 
meters sold in 19 vere controllers, whereas this type rep UNITS 
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been most pronounced 200 T 1 $+ E SEE BE 4 
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cipal purchasing industries for the year 1935 is given in / ocege ‘* 
lable 6. This tabulation indicates that the largest purchas sok : 
ers of nstruments are the mass production and process 333 5 ; 
ndustries. Definite conclusions as to the relative magnitude Hees SHE > g@ aceand he terest a 
f the purchases of the different industries, however, ar¢ ee, fete ats 
inwarranted, first, because instrument manufacturers usu a 
specialize in equipment particularly sultable for certair 1926 29 30 31 32 33 34 35 36 37 st 
cesses and therefore the industry distribution of the sales A ' 2) + uae: ra 
f e companies covered in the field sample may not br proar ' 
epresentative hat of a ndustrial instrument sales tof a 
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WHAT INSTRUMENTS DO FOR 


The Ceramic Industries 


By F. H. 


Associate Professor, Division of Ceramics, Department of Metallurgy, Massachusetts Institute of 


ROBABLY the oldest industry in the world, the mak 
r of ceramic articles has been considered—like all 


Ing 

old industries—an art to be handed down from gen 
eration to generation, because the skill required in throw 
ing pottery on the wheel or decorating a vase required many 


years of training which could only be obtained by direct con 
tact with the manufacturing process 

One of the first men to give serious thought to the sciet 
tific aspects of ceramics was Wedgwood in England, who 
developed his so-called thermoscope consisting of little 
blocks of unfired clay which shrank to different degrees as 
the temperature was increased. These pieces were drawn 
ut of the kiln at different times and when they reached 
the desired shrinkage the firing was stopped. Later, there 
were developed the so-called pyrometric cones which con 
sisted of a graded series of compositions designed to soften 
at even temperature intervals. The softening of these cones 
could be observed from the outside of the kiln and they 
did not have to be drawn out. 

The introduction of the continuous kiln has made accu 
rate pyrometer equipment more necessary than before, and 
most of the modern ceramic plants are well fitted up with 
pyrometers to give a continuous record of the temperature, 
and often with automatic controllers to maintain this tem 
perature within the desired limits. 

A few years ago the introduction of instruments for the 
control of an industrial process was not uncommonly re 
sisted, either actively or passively, by the operating men; 
because they did not understand and did not trust the in 
dications of what to them was a new development of sci 
ence; and because they considered the use of instruments a 
reflection on their own ability to control the process. 

More recently, however, the use of instruments has been 
regarded not only with tolerance but often with enthusiasm 
because it removes a great deal of the personal responsi 
bility for the process control. For example, in many plants 
a fireman er burner knows that he will lose his job if he 
lets the temperature go so far over the desired burning 
range that a kiln of ware, or the kiln itself, is spoiled in the 
firing process. This ever-present fear prevents the fireman 
(unaided by instruments) from handling his equipment to 
the maximum efficiency as he always hesitates about bring 
ing the heat up to the desired point for fear he will go too 
high and thus lose his job. The use of instruments. there 
fore, has materially helped the workman in gaining con 
fidence in himseif during the firing operation and permits 
him to operate more units and turn out a larger amour 
f perfect ware, both of which contribute to a reduction in 
cost—a reduction which is eventually reflected in the wages 
he receives. , 

There are abundant examples to show that the use of in 
struments in controlling the manufacturing process in ce 
ramics gives a superior quality of ‘ware and a reduction in 
cost. In turn this reduction in cost makes a wider market 
available, and therefore permits the industry to employ 
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re workme? Therefore ru 

hought of as displacing men frot he duct 
put aS a meal ol nere ne tne nut e-< 

na parti ilar ndustr Kor exampl ! dqaern 4} au 
nethods permit the manufacture fa 1LOO-p ¢ ‘ 
treous china of a particular pattern for f t 
$7.50, whereas if this ine et id been 1 ae bD lt 
hand-made methods with the same wage scale, the 
cost would be two or three times as grea nd would e} 
fore, greatly curtail the market for tl y \ 
T hie Potte) j Indu t> 

The pottery industry in the last few years has gon 
rapidly over to continuous firing methods, which have the 


advantage of fitting in well with an efficient productior 


system, and in general give a better quality of ware. The 
modern continuous tunnel kiln when properly designed and 
eventually be 


properly used gives excellent results and will 
ised in practically all the pottery industries 

In using the tunnel kiln it is necessary not only to know 
the maximum temperature but also to know the temperature 
gradient throughout the kiln itself from entrance to exit 
in order to maintain the desired heating and cooling cycl 
In most installations the temperature is measured by a 
series of platinum thermocouples, inserted through the 
crown at various places in the kiln, connected to a multipl 
point indicator or recorder. In the lower temperature zones, 
of course, base-metal couples can be used, but this would 
necessitate a change of scale or a different instrument from 
that used with the platinum couples—a complication whic} 
is not usually justified by the saving in cost of the couples 
themselves. 

It should be realized that in most of these installatior 
the platinum couple does not read the temperature of the 
ware passed through the kiln. In some cases the couple i 
hotter due to contact with the combustion gases, and some 
times it is cooler due to conduction through the protectior 
tube. When this fact is recognized, however, it is no par 
ticular disadvantage, as once a satisfactory temperature 
schedule is established it can be maintained. Care should be 
taken, however, not to change the type of protection tube 
1 mounting of the thermocouple without carefully studying 
ts effect on the temperature reading 

It is a usual practice in firing pottery tunnel kilr 1 
pass a set of pyrometric cones through the kiln at regular 
hermocouple readings 


ntervals, an additional check on the 


Cones, however, are useful for another reason. It is some 
mes necessary because of an increase r decrease in order 
hange the speed of the tunnel kil: ind it 1 well 
known fact that the more rapid the heating cycle the higher 
must be the maximum temperature. The cone however 


rore I a tunne KIII for exan ple, was spe eqded up from tine 

ate of o} car per hour to the rate of 1'4 cars per hour 

the temperature n the hot zone would have to be raised a 
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tery ndustri Ss col tantly Striving to produce 
ed type f ware and many of these improvements 
e direct f bodis having a narrow trifying 
ot , der to give translucency with freedom fron 
rpag SUC a iopments will depe nd more and more or 
extremely accurate temperature control of the firing process 
a control which can only be carried out by carefully de 


signed temperature controlling equipment. 


The temperature of firing in the refractories industry is 
generally so high that platinum couples will not give satis 
factory service-at the maximum temperature zones, although 
here are a number of installations in the older types of kiln 
where the platinum couple is protected by a massive tube 
the couple does not reach the tempera- 
ture of the kiln itself. In this way the couple is protected 
from the excessive temperature and a correction can be ap- 


n such a way that 


plied which will allow proper burning cycles to be repeated 
me after time. In the tunnel kilns the platinum couples can 
be used everywhere but in the hot zone itself. In this loca 
tion the optical or radiation pyrometer is required. The prob- 
em, however, is not a simple one for the reason that in oil- 
yr coal-fired kilns (principally used in the refractories in 
dustry) there is luminous flame or smoke which makes 
accurate readings with the optical radiation pyrometer ex 
tremely difficult. The problem can be solved at the lower 


temperature ranges by sighting into a closed-end tube which 
has been inserted in the kiln. The modern refractories, how 
ever, are being fired at temperatures of 2500-3000°F., where 
t is extremely difficult to maintain a closed-end tube of 
sufficient length and thinness of wall to give a precise ten 
perature reading. 

The consumers of refractories are continually demanding 
greater uniformity, which means that the progressive manu- 
facturer must adopt accurate temperature control mechar 
sms on their kilns 


Hee i Clau Product 


[he heavy clay products industry has been somewhat 
than the other branches of ceramics in adopting mod 
ern instruments for temperature recording and controlling. 
Che reason for this is due probably to the fact that the ma 
terial has a comparatively long maturing range, and the 
specifications for the finished product are not as close as for 
ome f e finer wares. The manufacturers are beginning 


o realize however that in many cases a carefully controlled 


temperature w give them a more uniform product and will 
lefinite eliminate losses. This is especially true of a ware 
ke terra-cotta where the temperature and atmosphere must 

e fa vell cont ed in order to get a uniform product 
Some other materials such as common face brick have 
gid specification as to physical properties and often a 
n color and texture is really desirable. On the 
é nd rene! thought that water-tight brick 

A iined with mortar which is adjusted to the pai 

tr a t e of brick, and 11 rrder to do this successful 
‘ ! have a good uniformity in its physical struc 

( s ealls for close control of burning conditions 


The glass industry has long recognized the Importance oi 
temperature control in the fore-hearth of the tank in orde 
t supply glass f uniform viscosity to the feeder. Due t 


the fact that the temperature is not excessive at this point 


sms ive been worked out satisfactorily. 


Not o much has been done nowever, in ¢ ntrolling Oo! 


recording the temperature in the melting section of the 
tank. Due to tne lun nous fl ime, While h IS considered de sir 
able glass meiting, it difficu get a good reading: it 
the open furnace either with a optical pyrometer or radia 
on pyrometer. Ofter times, however, with care a posit 


in be selected which is relatively free from luminous flam« 


t t a permanent radiation pyrometer. can be mounted 
to sight on a portion of the roof in much the same way that 
temperature controls have beer developed fo the per 

earth furnace. The modern tendency to insulate the glas 
furnace makes it necessary to prevent excessive tempera 


tures in the melting zone, otherwise the life of the refrac 


lly shor 


tories will be materia 


ened. 


Plant Standard ation, ete. 


It has been my experience that the majority of difficultie 
occurring in the ceramic plant with the temperature mea 
uring equipment arise from a lack of understanding of the 
variations which may occur in the thermocouples of optica 
pyrometers due to a large number of causes. These varia 
tions are bound to occur with the best constructed equip 
ment and must be compensated periodically by checking 
with some standard. In the case of thermocouples it is de 
sirable to check these perhaps once a month, with a working 
standard in a special calibration furnace so constructed that 
the working standard and the plant couple are definitely at 
the same temperature. This is not an easy thing to do and 
the greatest care must be taken in the calibration work 
The working standard should also be checked, every si) 
months or so, with a master standard certified at the Na 
tional Bureau of Standards or by the freezing points of 
pure metals. This master standard should be used for n 
other purpose than checking the working standard couple 
In this way the plant thermocouple can be kept within the 
desired working limits of temperature by taking account of 
progressive changes in the couple due to volatilization or 
effects of furnace gases which will penetrate even the best 
protection tube. 

In the case of the optical pyrometer the same procedure 
should be followed. That is, the plant instrument should be 
checked at least once a month with a working standard and 
the working standard should be compared with a master in 
strument at less frequent intervals. A convenient method o 
comparing one pyrometer with another is to set up a thou 
sand-watt projection lamp with a screen of opal glass it 
front of it cut down with a diaphragm about 14” in diamete 
to assure a uniform field. With a rheostat or other voltage 
controller the apparent temperature of this screen can be 
varied anywhere from dull red up to 3200 or 33800°F. h 
comparing the pyrometers care should be taken that the i 
strument is held in a support directly in front of the dia 
phragm so that each pyrometer will be in exactly the same 


f 


position as the standard. 

Further improvement is required in instruments for hig 
temperature recording and controlling equipment to assur 
the accuracy and ruggedness now associated with instru 
ments for measuring temperatures in the lower ranges. | 
would also be highly desirable to have thermocouples whic! 
could be used up to temperatures of 3000°F. The tungste 
molybdenum couple has been used in the laboratory for t 
purpose but is not sufficiently stable for continued use in tl 
plant. We also need better refractory protection tubes capa 
ble of withstanding temperatures up to 3200°F, without 
sagging or deterioration. This is especially desirable wit! 
sighting tubes for radiation pyrometers. 

Another hoped-for improvement Ss sin plicat on of 
recording optical pyrometer which will allow its use more 
generally e ceramic Industry 

There is also a real demand for an inexpensive pyromete 


. : 4 = | 
to be used Dv studio potter and Scnools. 
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ROTAMETERS 


—will measure any alkali, acid (except HF) 
or solvent, regardless of concentration or 
temperature. 


—will handle the smallest laboratory flows 
and the largest industrial capacities—from 
"faucet drip’ to hundreds of gallons. 


—will measure the lightest gases—helium 
and hydrogen—and the heaviest chemicals— 
such as concentrated H.SO,. 


—can handle flow ranges of 50:1 easily in 
one unit, with accuracies of 99.5°/, and better 


° 
maintained over the entire range. 


—are now so low both in 
original price and 
maintenance cost 
that 
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You can't afford to 
overlook them 
any longer. 
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WHAT INSTRUMENTS DO FOR 


The Chemical Industries 


By M. G. MASTIN 


Chief Chemist, Westvaco Chlorine Products Corp.. 
Newark, California 


ODERN industrial chemical processes differ most 
from those used half a century ago in the follow 
ing’ ways: 

1—Much better knowledge of how a step is proceeding 
at any given moment, and better means of control. 

2—-More continuous processes instead of batch methods. 
3—Many processes considered commonplace today were 
impossible only a relatively short time ago. 

4—-Greater output per man together with much improved 
working conditions. 

Credit for such improvements may be assigned to three 
things: 

1—-Our great advance in chemical knowledge, in general. 

2—Far better materials of construction. 

3—Instrumentation. 

I find it extremely difficult to visualize a chemical in 
dustry operating today without instrumentation as it must 
have done in the past century. Most processes were carried 
out at atmospheric pressure, although temperatures nearly 
as high as those used today were not uncommon. Ther 
mometers had a limited range and were supplemented by 
the eyes of experienced workmen who read temperature 
from the “color” of their furnaces. The progress of many 
reactions was judged by the appearance of the evolved 
gases, as in the Bessemer converter, and the smoke from 
the stack of a boiler room. The only “recorders’’ must 
have been the log-books in which were entered the opera 
tors’ observations. 

Today, the use of indicating, recording and controlling 
instruments at any point where a measurement is of any 
value is so common that for a chemical plant to be without 
an instrument department is the exception rather than the 
rule, to say nothing of the reflection on the management. 
The development of thermometers other than those of the 
mercury-in-glass type such as the gas- and mercury-filled 
mechanical thermometers and the various thermocouples 
pointed the way to the addition of recording devices, and 
it was then only a short step to make the recorded tempera 
ture, through the instrument, actuate valves and other ap 
smoke-recorders on stacks and for ringing alarms when 
paratus in such a way as to control itself. Such steps have 
proceeded throughout the entire range of variables until 
practically every step in a chemical plant is, or can be, 
under instrumental care, depending only on the ingenuity 
of those charged with this responsibility. 

Modern materials of construction, which enable us to 
carry on many reactions at high temperatures and/or high 
pressures nut permissible a generation ago, are to a large 
extent available only because instrumentation and con 
sequent closer control in manufacture made them possible. 
In turn, newer and better materials used in instrument 
manufacture continue to broaden the field of application 
for instrumentation. Large forged vessels of snecia! steels 
for the synthesis of ammonia and for the cracking of oils 
and gases and for other pressure reactions would be ex 
tremely difficult, if not impossible, to produce satisfactorily 
without suitable instruments because of the great care nec 
essary in their heat treatment and final testing. The various 
Stainless steels, aluminum alloys of the duralumin type, and 
beryllium copper—among a host of other alloys—owe their 
peculiar properties of hardness, or tensile strength, on 
machinability to the accuracy with which their various heat 
treatments are conducted. Many of the same metals and 
alloys make instruments more veysatile and extend their 
uses. Stainless steel gas-filled thermometer bulbs for use at 
high temperatures and in corrosive surroundings, special 


alloy thermocouples and special highly-magnet alle i 
be mentioned as examples. 
As in many other industries, chemical plants use many 


indicating and recording thermometers, pyrometers, p 
sure gages, flowmeters of all types, scales, feeders, and all 
the usual instruments. Chemists also enjoy putting instru 
ments to work at making their analyses for them, and nu 
some instances let then instruments control processes 
through the analyses thus made. Devices for measuring and 
recording pH and conductivity have wide application, an¢ 
nearly every boiler-room operator is familiar with the C¢ 
recorders which help him control his fires. Humidity record 
ers are finding wide use now that air-conditioning is play 
ing such a large part in many plants where humidity must 
be controlled. Photoelectric tubes and cells are used as 
smoke-recorders on stacks and for ringing alarms whet 
fluid flows in pipe-lines become cloudy instead of clear, as 
well as their more familiar use for counting objects 01 
for sorting by color. At least one process is known where 
instrumentation has complete control except for emptying 
a tank after the batch is completed. In this case a solutio1 
of a salt is oxidized by air being blown through it unde) 
rather narrow and changing pH limits. The control does a 
much better job than was ever done by hand operatior 

In chemical work it often is necessary to maintain tw 
or more flows in definite chemical proportion to each othe: 
The flows may be all fluid or they may be both fluid and 
solid. The chemical composition of the individual flows may 
vary or remain constant. Some one property of each fl 
is chosen for control, and suitable instruments measure thi 
property and take charge of the proportioning. For ex 
ample, two flows of different specific gravities are blended 
to produce a mixture of a constant desired gravity; or it 
may be that temperature is chosen instead. Sometimes solu 
tions are made alkaline or acidified to a definite pH by such 
controls. If no other property can be utilized, the weights 
or volumes of the different flows are proportioned to each 
other. Some of the above applications are simple, and some 
involve considerable complications with respect to ti 
in the reactions dealt with, which necessitates the use of 
more or less elaborate anticipatory devices so that an exce 
of first one reagent and then the other is avoided 

The controls commanded by the measuring instrument 
may be, in the simpler cases, only solenoid valve 
vr no go type, usually placed in a by-pass around a han 
controlled valve. More accuracy is obtained by reversing 
motor-operated valves which modulate the flow over a wide 


range, or by the familiar air-operated diaphragn ilve 
which today can be positioned with great exactness. Some 
times two or more valves of different sizes are operated 
in parallel, the finer adjustments being obtained by the 
smallest valve. Another form of diaphragm is the familia 


bellows on the simpler forms of temperature controller 
Continuous processes in the chemical industry represent 


in many cases, all the advantages of the straight-line a 
sembly plants of the automotive industry. Their succes 
depends mainly on the ability of the operators to contro 
each step within the necessary limits. Sometimes the cont 
lies in the design of the apparatus at that point: + re 
action time is obtained by providing sufficient storag: 
ume, or a large filter replaces a smaller one as the simplest 
means of overcoming a difficult filter operation due t 1 
able crystal characteristics. More often, closer cont f 
each ste p is the correct solution, hecause TT Hetter eact 
efficiency or because a step can be carried out in smaller 
equipment, or because a better and more uniform | luct 
can be made Instruments then become the guar ! } 
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* The new Beckman Automatic pH Meter not only gives 
a continuous visual Indication of pH ona large easily-read 
dial, but also provides, if desired, a permanent written 
Record and completely automatic pH Control. ANY 
standard potentiometric recorder or controller may be 
used without special calibration or accessories of any kind! 
* With this new Beckman Instrument pH control can be 
automatically maintained within narrow or wide limits to 
meet your particular requirements. 


The Bechman Shielded Glass Electradeseian be 


installed on grounded flow lines and vessels with no stray 
current effects. They are permanently sealed, internally 
shielded, exceptionally rugged, and require very little 


maintenance. 


Automatic Temperature Compensation is pro- 
vided by a resistance thermometer mounted in the elee- 
trode assembly. thus assuring constant accuracy under 


widely varying conditions. 


Qull A. 2. Operation eliminates batteries. Built-in 


voltage regulator makes instrument independent of line 
voltage fluctuations. 

* There are many other important features on this out- 
standing new pH instrument...features that will increase 
your plant efficiency by cutting rejects and automatically 
maintaining uniformly accurate pH control over your 
processes. Write today for complete information! 


NETIURDIC/TECHNICEL 


atvotatctteeds 


3330 EAST COLORADO STREET PASADENA, CALIFORNIA 
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vatch over the necessary control points and who are respon 
sible for the suecess of the operation as a whole. Flows are 
adjusted and maintained; temperatures and pressures held 
within necessary limits; reactions, filtration, distillation, 
evaporation, crystallization, drying—all are under instru 
mental control. The uninitiated might wonder that any 
human operators would be required at all. The fact is that 
no instrument is perfect all the time and that men must 
still be present to supervise and service the instruments 


} 


and keep a watchful eye on things in general. Nevertheless 
the mechanical operator makes possible a degree of perfec 
tion that would be difficult if not impossible to the humar 
operator unassisted. 

There are still many chemical products made by bate! 
methods rather than by continuous processés. This is usually 
because production is not large, or because the quality of the 
product is such that the degree of supervision necessary is 
more than can be imposed on a continuous system. Many 
fine chemicals and medicinal chemicals are batched for th § 


reason, and because a batch can be held until final analyses 
show the quality to be that desired. The very fact that it 
this type of operation quality must be kept high, necess 


ates instrumental co! 


process steps. 


Although perhaps not classed strictly as a chemical 


dustry, the manufacture f modern refractories does involve 
a great many chemical reactions, and the degree of instru 
mentatior he 1"¢ emp ved Nas argvely nee! ‘esponsible f( 

the high-quality, low-cost products now available. Process 
steps vary from crushing and grinding through reactio1 

classification, filtration, mixing, calcination, back to various 
SIZIng’ operations P duction is la ge, continuous, and sub 
ect to a high degree of inst 


umental control, especially in 


the reaction and calcination steps. Modern tunnel kilns a1 





rotary kilns are practically self-operating. Fires are 1 
controll by pyrometer controllers operated eit] DV t 
mocouples or by radiation pyrometers at the higher tempe1 
atures. Fuel efficiencies are maintained by automatic draft 
controls, and the products themselves reach a degree I 


uniformity impossible by manual control alone. Many r¢ 
fractories are burned at temperatures just below or at their 
incipient softening point, and temperatures must be con 
trolled within very narrow limits. Furthermore the lives 
of the refractory linings of the furnaces used for thei 
burning are either short or long depending largely on the 
temperatures maintained 

Instrumentation also plays a considerable part in mod 
ern plant expansion. Not only do suitable instruments be 
come a part of new plant design, but additional instruments 
are relied upon by the breaking-in personnel to aid them ir 
controlling various steps where uncertainties in detail have 
existed. Such procedures help to remove the headaches fron 
the early stages of a new operation. 

And of course the plant laboratories possess their share 
of instruments. New balances without fractional weights, 
colorimetric and electrical pH instruments, conductivity ap 
paratus, titrating apparatus involving an “eye” that blinks 
vhen the endpoint is reached, color analyzers utilizing 
the precise photocell instead of the human eye, and various 
types of turbidimeters are among those most often used. 

Perhaps the last place in a chemical plant that one would 
expect to find the personnel to be instrument-conscious is 
the accounting office. Nevertheless, present-day demand for 
accurate cost figures has necessitated a certain healthy curi 
osity cn the part of the accountant as to the reliability of 
the quantity figures supplied him. It sometime is difficult 
to allocate dollar charges for materials to the various plant 
departments, yet unless this is done with some care, one or 
more products may enjoy an apparent low cost at the ex 
pense of the others. Thanks to the versatility of our instru 
ments and the ingenuity of those employing them, accurate 
figures may now be obtained, and it is pleasing to note that 
the accountant is very much alive to this situation. The 
older idea that “all the dollars come from the same pocket’ 
and that all that matters is to make the books balance m 
longer prevails. Chemical plant cost accounting used to be 
defined by certain sceptics as ‘an exact science based on a 
multitude of unjustifiable assumptions,” but proper instru 
mentation has already provided the remedy. 
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WHAT INSTRUMENTS DO FOR 


The Communications Industry 


By F. H. BEST 


rransmission Maintenance Engineer, Bell Telephone Laboratories 


© furnish telephone service of present-day quality, 
careful maintenance of the circuits is required. This 
in turn is based on electrical tests made both when 
trouble appears and as a matter of routine to anticipate 
trouble. A large number of instruments are used for this 
work, so that the Bell System is probably the largest cus 
tomer of the electrical instrument industry. Both d-c. and 

c. measurements are made, the latter covering a frequency 
range from as low as 4 cycles up to short-wave radio 


measurements. Testing is done by e regular telephone 


maintenance forces who are specially trained for their work. 
As with other activities in the telephone industry, the test 


ng work is specialized, as it would be almost 


for anyone to develop proficiency in the operation of such 
1 great diversity of instruments 
In the local plant the maintenance of the office equipment 


ind the location of faults in the cable conductors is under 
the supervision of the wire chief. Much of the work is done 
it a testboard equipped with a high-resistance voltmeter 
ind a Wheatstone bridge (Fig. 1). The veltmeter is used 
for insulation measurements and as an aid in locating cet 
tain troubles. The Wheatstone bridge is of the conventional 


type used for making loop and Varley measurements and 


Ss one of the p1 ncipal means used 1! locating erosses « 
grounds in conductors. In the larger cities where there are 
nany ce ntral offices, it has been found advantageous to do 
most of the trouble locating from one large centrally 
ocated testboard, the testing in the other offices being 


mited to maintenance of the office equipment. 
In addition to the instruments at the testboard each of 


the larger offices is provided with a number of specialized 


testing sets for locating troubles in the office equipment and 
for making routine tests determine that all of the office 
equipment is functioning satisfactorily. One of the simple 


of these sets contains slide-wire resistances and a millian 
meter; it is connected in series with the winding of the 
elay under test to determine that the latter operates and 
releases on the specified currents. A more complicate a sé 


{ 


s that found in the larger dial service areas, by whic] 


repairman at a subscriber’s telephone can get a check on 
the speed of rotation of the dial by dialing a certain cod 
number and then dialing “6.” 

In the toll and long-distance plant, testboards are mort 
extensive and contain, in addition to voltmeters and bridges, 
many accurate devices for measuril gy the transmission pe 
formance of the circuits. 

Since most of the long-distance circuits now contain tele 
phone repeaters and other vacuum-tube equipment, it is the 
general practice to make maintenance tests on circuit ele 
ments. Intervals between tests have been set, as the result 
of studies, so that failures during service are rare. One of 
the most frequently made tests is the measurement of thi 
net transmission loss of the circuit between switchboards 
is this gives a quick check on the performance of the com 
plete circuit. This measurement is made with “transmissior 
measuring sets” of which a number of types are in use 
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: 2 Por 
measuring set; Fig. 4. Toll test 
board, 


meter; Fig. § 


table transmission 





showing projection § type 
Transmission re 
cording system; Fig. 6. Thermo 
couple type transmission measur- 
ing set used for high-frequency 


cm testing; Fig Portable set for 


Pheu measuring noise on telephone cir 
7 e cults 


inder test 1s measured by the transmission measuring set 
oscillator in Fig. Be 
with 
of the simple copper-oxid 
rectifier meter type shown in Fig. 
range of 20 db and 


by large 


shown to the right of the 


The received current is measured transmisslo} 


measuring sets which may be 
3 which has a measuring 
is entirely portable, or it may be made 
and precise containing 
tubes such as the one shown in Fig. 2. This latter 
type is not portable and it is necessary to connect the circuit 
to be tested by f 

The latest arrangement 


more sets 


measuring 
vacuum 
means of special testing trunks. 

for toll offices uses direct-reading 
either of the conventional type or of the projec- 
tion type (Fig. 4) with which one set of testing apparatus 
is adequate for a large test board. For the 


ib meters 


smaller boards, 
the conventional type is satisfactory. 


All are specially designed to give uniform db divisions. 
With the conventional type, non-uniform divisions would 
result, some much larger than necessary and others too 


small to be read easily. By designing the pole face of the 


meter so that the air gap through which the moving coil 


rotates is not uniform, the db divisions can be made 
approximately uniform range as great as 15 o1 
20 db. The projection meter illustrated is of this construc- 
tion. Transmission measurements are now made as easily 
voltage, the operation of connecting 


the receiving end of a circuit to the measuring instrument 


over a 


as measurements of 
causing the pointer of the meter to indicate the net loss of 
directly without manipulating dials. 

The projection meter, which has only recently come int 
general use, has been found advantageous for certain kinds 
of work. It uses a conventional moving-coil type of move 
ment and can be made to have sensitivities for current and 
voltage similar to ordinary instruments. The scale can be 
projected to a length of 10 or 20 feet and is visible 
over a large area. It is unique in that there is no parallax, 
the same readings being obtained by observers viewing the 
projected image from different angles. It can be 


the circuit 


easily 


observed 
for long periods without eye-strain. 

In addition to these routine measurements of the 
cycle net loss of complete toll circuits, it also is occasionally 
make over the of fre- 
quencies transmitted by the circuit. The same transmission 
L000~ 


1000 


necessary to measurements range 


sets are used for this purpose as for 


measuring 
measurements. Where a large number of these measurements 
are to be made, considerable time can be saved by the use 
of automatic recording arrangements, such as the one shown 
in Fig. 5: An at one end of the line supplies 


powel 


oscillator 
whose frequency is changed continuously by 
a synchronous motor. At the end, the 
is advanced by a synchronous motor. A tuned circuit 
particular 
makes a 


the record 


testing 
receiving recorder 
chart 
thereby 

paper. 


frequency, 


responds strongly to one 


energizing a magnet which mark on the 


This mark is 


frequency 


used to align with the scale of 


Recorders are of value also in making tests of the trans 
circuit. For this type of , the 
at the sending end of the circuit 


mission stability of a test 
frequency of the oscillator 
plots continuously the transmis 


is fixed, and the recorder 
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Fig. 7 


that intermittent 


aided by 


sion loss at frequency. The location of 
troubles is this type of 

The higher frequencies used with the carrier type of 
toll circuits cannot be handled in as manner as 
1000-cycle current, and different arrangements are there- 
fore required. The measuring instruments must be taken 
directly to the apparatus to be tested, trunks of any ma- 
terial length being impractical. The high accuracy required 
in maintenance measurements makes it necessary generally 
thermocouple type instruments as the characte? 
istics of amplifiers are not easily made flat enough over 
the extensive frequency range used in testing. A portable 
device of the type commonly used in carrier system main- 
tenance is shown in Fig. 6. 


measurement. 


simple a 


to use 


Measurements are also made of impedance and capaci- 
bridges being used for this purpose. When 
frequencies above the audible range are measured with 
bridges, demodulators are required. 

telephone circuits are als 
7 is a portable set which can be used 
The transmis 
sion measuring arrangements shown in Fig. 4 may also be 
used for measuring noise, a noise-measuring amplifier being 
substituted for the transmission-measuring amplifier. Since 
the disturbing effect of noise on telephone conversations 
is a function of frequency, a network is included which 
makes the instrument response proportional to that effect 
rather than to the electrical energy. 

The newer types of circuits require a number of tests o1 
sections of the circuit when they are being initially in 
stalled. These tests are made to prevent crosstalk betweer 
carrier systems or between channels in the same system and 
are largely balance tests made during the adjustment of 
apparatus which neutralizes unbalances in the circuits. A 
number of complex, manually-operated and automatic 
measuring instruments are used in this work. 

In addition to the instruments described, which are for 
the electrical existing circuits, there is 
a wide variety of instruments used in construction. Among 
these may be mentioned the tone generator and associated 
amplifier for identifying capacity unbalance 
sets, with which is measured the capacity-to-ground of the 
two sides of a phantom circuit in cable; and a great variety 
of complicated bridges for use in setting up the new higl 
frequency circuits. Construction and maintenance of outside 
plant requires many instruments for mechanical tests sucl 


tance, special 


Measurements of the noise or 
commonly made. Fig. 
for a large variety of 


noise measurements. 


maintenance ove? 


cable pairs; 


as pressure gages for gas-filled cables; dynomometers for 
measuring strand thermometers for and 
paraffin. In the traffic department, which is responsible fo 
the handling of calls, instrumentation is confined to various 
kinds of generally electrically operated by push 
buttons in the switchboard or by the dial telephone mech 
anisms. Calculagraphs are extensively used for timing toll 
calls, and stop watches are employed for special studies. 


tensions; solder 


counters, 


On certain circuits, where apparatus presents one call after 
another to the indicates the number of 
] + 


‘alls awaiting attention, and so apprises the supervisor of 
an additional operator’s position. 


operator, a meter 


+ 


the necessity of cutting-in 








his new RCA Oscillograph 
is just what you've been ask 
ing for! In design, in features, 
in performance —it’s a high 
quality instrument— and its 
price is surprisingly low! 
It’s equipped with anRCA 


914 High Vacuum Cathode 












Beas cone 


Ray tube employing the elec- 
trostatic deflection principle. 
Ihe trace is very sharp and 
brilliant and permits ex- 
tremely fast photographic re- 
cordings of transients. 

The deflection amplifiers 
are essentially flat over a fre- 
quency response range of from 
+ cycles to 100,000 cycles and 
will faithfully reproduce square 
waves as low as 10 cy cle fre- 
quency. The gain control does 
not appreciably alter the fre- 


quency response. The ampli- 
fiers are arranged for either 


push-pull input (balanced to 


Over 72 





by radio 





This brand-new 
instrument is yours at 
surprisingly moderate cost! 


ground) or single tube. Direct 
connection to the vertical de 
flection plates of the cathode 
ray tube is provided. 

An additional amplifier is 
provided for modulation of 
the cathode beam from an 
external timing source, and 
provides a very convenient 
means for establishing a time 
constant of the trace. 

All controls are symmetri 
cally arranged on the front 
panel. The screen of the cath 
ode ray tube is protected by a 
shatter-proof lens. Further de 


tails willbe sent upon request 


million RCA radio tubes have been purchased 


sers in tubes, as in parts and test equipment, 





















it pays to go RCA All the Way 
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RCA Manufacturing Co., Inc., Camden, N. J. 
A SERVICE OF THE RADIO CORPORATION OF AMERICA 









FOR GREATER PROFITS 
Control Your Liquid Assets 


provide continuous de- 
pendable and accu- 
rate knowledge of 
liquid levels in such in- 
dustries as: 











AIRCRAFT LAUNDRIES 
AUTOMOTIVE MARINE 
BAKING PAINT 
BEVERAGES PAPER 
BREWING PETROLEUM 
BUSSES AND TRUCKS PLASTICS 
CHEMICALS POWER 
SLEANING AND DYEING PROCESS 
COMMUNICATIONS RAILROAD 
DIESEL RUBBER 
ELECTRICAL SOAP 
FOOD TANK TRUCKS 
NSTITUTIONS TEXTILE 


RON AND STEEL TRANSPORTATION 


Gauging such liquids as 


Acetone, Acids, Alcohols, Asphalts, Beer, Benzene, Benzo Butane 
Castor O Caustic Liquids, Carbon Bisulphide, ondensate, Corr 
Syrup, Diese! Oils, Film Dopes, Formaldehyde, Fue! Oils, Gasolines 
Gins, Glycerine, Inks, Ice Cream Mix, Kerosene, Lacquers, Linseed 
O Lubricants, Milk, Naphtha, Paper Stock, Pentane, Phenol, Pyro 
fax. Salad Oils. Soap Liquids, Sulphur Dioxide, Tar Compounds 
Thinners, Toluc Turpentine, Water, Whiskies, Xylo 


Liquidometer Remote Reading Gages 


automatically indicate or record 
liquid levels. No pumps, valves or 
auxiliary units required to read 
them Balanced hydraulic trans 
mission system ingeniously com 
pensates for temperature variations 
on communicating tubing Accu 
racy unaffected by variations in 
specific gravity. Approved by Un 





derwriters Laboratories and similar 
bodies for gauging hazardous liquids. Models are avail 
able for remote signals, automatic control of pumps, et 
DIRECT READING models available where remote read 
ing Is not required 


Levelometers (Dial Type Hydrostatic Gauges) 


Operate on hydrostatic principle ee 
of establishing balance between *y 
head of liquid and an_ indicator g 


Dial indication featured. No liquid Concave) 
to expand or contract and create — 
errors. One dial can be arranged t 





to gauge a group of tanks 


== 


Liquidometer Thermometer 


Completely free from inaccuracies 
due to temperature variations at 
indicator or along transmission tub 
ing 


“Liquids worth storing 


are worth measuring” 





THE LIQu IDOMETER corp. 


36-27 SKILLMAN AVE 
LONG ISLAND CITY, NEW YORK 





THE 
FROBER- 
m FAYBOR 
“SYNCROMETER 


The Synchrometer is a flicker-disc photometer which possesses all of 
the advantages of this type of instrument with the virtual elimination 

of all its disadvantages 
The Synchrometer employs a new method for varying the position 
of the flicker discs. There are no wearing parts to impair the lasting 
i curacy of the instrument. Send for descriptive 





FROBER-FAYBOR 
Photo-Electric COLORIMETER 


I. Calibrated so that dial readings may be converted to percent 
carotene 

2. Entirely self-contained and complete 

$B. May be used for other colorimetric work by changing remov 
able filte 


4. Simple to operate 


THE BIO-PHOTOMETER 


FROBER-FAYBOR COMPANY 


Manufacturers Screntifir Instruments 


808 COOK BLDG CLEVELAND, OHIC 
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Designed for Built-In Purposes 
Exclusive 
Features! 
\ high grade Elee- 
trie Heat Con- 
trol at low Cost. 
Overshoot 200° With- - 
out Damage. Differ- 
ential 1/10° F. and 
Rugged. No Thermal 
Lag as active ele- 
ment is the Brass 
shell. 


CARTRIDGE 
THERMOSTATS 


offer a distinct advantage in the art of precision 
heat control at low cost. Because they are unusual, 
we suggest that you send for details or write on 
company letterhead for test sample. Invoice will 
be rendered subject to full credit in 30 days. 
PYPES.—CARTRIDGE may be mounted on 
bracket or inserted in 5." hole. Other types 
of mounting heads are standard for easy 
application. Range:—50 to 400 degrees F. 
Rating: 10 amp. 110 V.. 5 amp. 220 WV. 





REGISTERED 





FENWAL INCORPORATED 


ASHLAND 6 Main st. MASSACHUSETTS 




















WHAT INSTRUMENTS DO FOR 


The Food Industries 


By L. G. WEINER 


Research Department, American Can Co., Maywood, Illinois 


LTHOUGH ecanned foods about 130 
years when Nicolas 


tioner, invented the “Art of 


introduced 
Appert, a Parisian 
Preserving,” it 


were 
ago confec 
has been 
only within the last two or three decades that the canning 
industry has advanced from rule-of-thumb procedures to 
scientifically controlled methods. C 
and mathematicians both 
the industry have contributed to this scientific 
with the result that instruments 
eliminated the errors of human judgment. 


emists, physicists, bac 


within and outside 


teriologists 
progress 
have 


precision largely 


exhaustive discussion of the instru 
ments used by the canning industry with their ramified 
applications in the field of canned foods (which include 


fruits, meat and marine products, as well as 


Since an numerous 


vegetables, 
carbonated and alcoholic beverages) is beyond the scope of 
this article, their general use may be considered under two 
main groupings: instruments used in controlling the 
ning procedures, and instruments inspecting the 
product after in advancing canning technology. 


can 
used in 
canning or 


I. CONTROL INSTRUMENTATION 


Raw Material 

Instrumentation first finds application in the control of 
the raw material. Citrus growers determine proper can 
ning maturity by expressing the juice of representative 


truits and testing for their soluble solids content by means 
f a Brix or Balling hydrometer. Evaporated milk packers 
test milk with a hydrometer or a centrifuge in de 
termining the quality and price to be paid to the produce 
on the basis of its specific gravity and volumetric 
been provided with an 


raw 


cream 
content. Recently, pea packers have 


instrument known as the Tenderometer, which indicates 
mechanically the relative tenderness of different lots of 
vined peas and their probable canning quality. The scale 


yr balance is employed by packers of tomato products who 


purchase tomatoes on the U.S. Grade basis in determining 


the weight-percentage ratio of prime, choice and cull fruit 
of a representative sample at the receiving platform. 
Sorting devices employing photocells are used at some 


storage elevators in sorting dry beans used by the packet 
for pork and bean products to remove stones, cracked and 
insect-damaged beans, and other extraneous material. 
Speed indicators find a place in raw material control 
when threshing or vining peas and green lima beans. The 
use of indicating or recording tachometers assures capacity 
operation of the viners and serves to indicate either slow 
speeds that cause low yields, or excessive speeds that cause 
mechanical damage and impair the quality of the peas. 
During the last year, X-ray equipment fitted to endless 
belt conveyors has found application in locating subcutane 
ous areas of dry rot in beets and hollow centers in potatoes. 
It is not unreasonable to predict that further exploitation 
of photocells and X-ray equipment will provide additional 
means of governing the quality of the raw material used 


for canning purposes. 


Preparation 


One of the canner’s most valuable assets is an abundant 
source of potable water with which to wash, soak, scald, 
convey and brine the product to be canned. The acidity o1 
alkalinity of the water used for canning purposes, as well 
as for boiler feed water, is of interest with regard to 
effects on the canned product or corresion of equipment. 
These characteristics are determined by either colorimetric 
or electrometric pH instruments. Flow meters and liquid 


] 
ievel recorders ind ¢ ntrotie 1S t the ’ j 


termining the amount of vate used for pecin« perat 
and in anticipating and providing f eak loads het 
constant pressure and ample ite Ipp ire ! t t 
Booster pumps fitted th pressure Tex tomat 
control devices are used in lines up} ! te 
washers where high orifice pre ures are required t ] 
field dirt and grit from the surfaces I tomatoes, s] ic 
asparagus and other vegetables 

Blanching is a phase of the canning procedure that r 
quires close control for the maintenance of quality n the 
finished product. This operation is performed in either hot 
water (160 to 210°F., heated DY direct stean nject 
n steam at atmospheric pressures. Based on past expe 
ence, the canner is acquainted with the optimun ( 
schedule that will be most effective for the variety, n 
turity and the specific product involved. Care must. be 
taken to avoid over-blanching which will result in a ft, 
mushy product and a turbid bri r under-blanel 
wherein the benefits of the procedure are not obtained and 


the product is too firm to facilitate its proper filling int 


containers. Fluctuating loads of a cold produc enter 
the blanching equipment necessitate the use of itomati 
controllers. The air-operated controllers may be of th 
dicating type or of the non-indicating type in which cas¢ 
the controller installatio Ss augmented with indicat 
hermometers. Each blanching installation require pecia 
consideration: in the case of tubular blanche) he the 
product is being propeiled vith circulating not iter, 
“automatic-reset controllers are required t dimit n t 
lag period. Temperature, however, is only one component 
of the blanching schedule. The length of the blancl t 
controlled temperature must be considered and tachomet 
are used to check pulley speeds and permit proper sett 
of variable-speed driving mechanisms to govern the time 
element of the blanch. Frequent chang n the ength of 
the blanch, depending upon the maturit f the roduc 
require the use of timing devices 

Many pea canners employ quality graders to maintair 
iniform tenderness of the canned product | eparating 


the succulent and fancier peas from the more mature pea 
by means of their difference in buoyancy in a salt solution 
of a given density. Because of the dilution effect of the 
residual water on the surface of the ashed and/or 
blanched peas, as well as the natural absorption of salt 


from the solution during the separating cycle, manual 
control of ‘the density of the salt solution through fr 
quent hydrometer readings on the specific gravity or 
salometer scale is impractical if not impossible. Salinity 
instrumentation for such an installation may consist of 


either float-actuated controllers and recorders, or electrica 


‘ " 
Similar instrument 


conductivity indicators and controllers. 
ation also finds use in the control of cucumber pickle, meat 


curing pickle, and olive curing brines 

Prior to filling the prepared and selected product int 
the cans, salt and sugar brines, sugar syrups and a variet 
of sauces must be compounded, preheated, and piped to the 
filling equipment. Temperature controllers installed at the 
brine or sauce tank of the filling equipment insure the 
maintenance of proper filling temperatures of these liquid 

Following the filling operation, it often is necessary to 
preheat or exhaust the filled and brined cans prior t 
hermetic closure so as to expel air from the headspace of 
the can, thus preventing excessive can straining during 
the sterilization procedure. Both hot water and atmospheric 


INSTRUMENTS 


Tanuarv 1939 


























team exhaust Ke T the cula ectangular or straignt ucts processed In an open bath and serves to assist the Cal 
( t ‘ i ised in the ndustry Che regulatior ne? n regulating the length of such processes, 
Ls t e-temperature elationsnl} f the exhausting pro ; 
edu governed irlable speed drives and tempera Cooling 
ture cont é | hot water exhaust boxes, the use of a Prompt and thorough water cooling is an aid in prevent 
evel cont vhich actuates a small diaphragn g loss in quality and retards corrosion of the containe 
e in the drain line of a hot-water exhaust box assures by the more acid products. Water cooling may be conductec 
the maintenance f a constant ater level under varying in the tank or retort in which the cans were processed, 01 
conditions the baskets of cans may be removed from the retort an 
When the product can be preheated to permit hot closure conveyed through cold water in a cooling canal. Wher 
(160 | r above) as in the Case if cream style corn, pump water 1S scarce or 1s expt nsive, the installation of flow meters 
n, tomato puree, tomat uice, fruit juices, sandwich and temperature controllers to govern the flow of wate 
eads and the like, subsequent exhausting 1s not neces aids in effecting efficient cooling under the most economica 
Maintenance f proper filling temperatures 1S assured conditions 
t mme ng the bulb f an automatic temperature con Cans larger than 4 n « r which have been pres 
t er and recorder in the product being preheated in stean sure processed require water cooling under pressure in the 
icketed kettles, batch mixers, blending tanks, tubular heat retort by means of superimposed steam or air pressure t 
é and auxiliary holding tanks above the bowl of the prevent straining and buckling of the cans during the cool 
fille ing cycle. Instruments, again, are brought into play, sine 
Vacuun icked pi in corn, cof frequent reference to the pressure gage installed on the 
fee hoestring potat also require retort assists the operator in avoiding too rapid a pressure 
instrumentation. Bour manometers drop while the cooling water is being admitted to the retort 
i nstalled on the vacuum closing machines to indicate he overflow pipe. A pres 
proper withdrawal of air from the sealing chamber. Barom supply line to the battery 
eters e consulted daily by coffee packers who are en ssure available for pres 
} ng cuum closure f¢ canned coffee to make certall 
that the n is being drawn at the closing proc ng al ssure cooling of larger cans 
machine, depending upon the elevation of the installation ugh the use of automatic 
products sucl by clock-work. With this 
potato chips whicl type of installation, the steam is automatically turned 01 
Vitapacked 01 the gradual ris« if temperature and pressure and prope 
atmosphere of release of the air entrapped in the retort are all governed 
so as to pre and the maintenance of the required processing time ar 
is controlled temperature assured. Upon conclusion of the process, the 
gas cvlinders evcle controller turns off the steam, maintains the prope 
to maintain proper gassing conditions without steful ust superimposed air pressure while admitting the cooling wate 
f the gas and gradually reduces the pressure to atmospheric cond 
tions ull in acc aance th a predete nined schedule. Suc 
‘ : nstruments are quite flexibl changes in the process at 
Alt ig lue consideration must be ¢ en tf the selec COONS : is are made y esetting the cam mechanis} 


tion of the ra material, Ss preparation, proper filling and 1] INSPECTION AND RESEARCH 























peri t erme ec ciosure in sultabdle containers ¢ lé INSTRUMENTATION 
somene f the preserved food and its fitness for humar 
consumption depend upon proper processing or thermal ste Qu t Inspec ) 
lization to dest microorganisms that ld cause 100 It is the ain f t discriminating canner to pa 
S] pre endange the healt! if the consume} The science quality merchandise t it cal he sold at a profit and t 
I canned food ste} ition has advanced to a point wher i 1 canning practices tna esult in merchantable 
it S possible to fix processes tnat \ | assure commercia losses due to s} 10% failure to con 1) witl the manda 
i 6 tC) f the product of the narrow working tory requirements of the Federal Food and Drug Laws 
limit if a given process, hand control methods |} ve bee I realizing this goal, it is necessarv for the packe1 
largely ipplianted by thern il control nstruments examine hic jucts it frequent intervals to make ce 
Commerical sterl atiol be carried on In open vat tain that the manufacturing procedures are above reproac 
COON n eithe dDatcnwise r continuous Tfashio1 mn the Many canners n nt n canned food inspection laboratorie 
case of acid products (pH 4.5 or below), while processing manned by competent technicians, who determine the grad 
of the non-acid products (pH above 4 } re lires the Ase and wo manship of each day’s pack tl ughout the cat 
r pressure c cis ¥ utoclaves Known as retorts In the ning season. Researcel iboratories affiliated with the indus 
canning ! istrv. When rapid transfe. tf heat througn the trv ald the canne 1? cating nd correcting those prac 
| ct > ecessal To? uallty I 1ntenance ( ntinu lS tices \ cl ‘ et ‘eal’ ta + the 1 +, and grade of tl 
iwitating type pressure cookers are also used f res canned } luct 

sure processing some products, such as evaporated n Canned food inspection necessitates diversified instrume1 
Regardless of the type I processing equipment r the tation. | and high-power microscopes and special count 
rang. of processing temperatures, alr-operated 01 steal ne ce ls for comminuted p ducts wre used to detect the 
pressure ictuated diaphragm or spring type controllers are ise of infée a?) aw material which, tl rough lack of prope 
relied upon for accurate maintenance f the processing workmanship, may find its way into the finished product 
temperature TI controllers may be of the recording Sensitive balances are used to make certain that the product 
non-recording temperature type. In some instances, record neets the label weight declaration and that the proper rati 
ng thermometers augment the temperature controller ir of solids to liquid medium exists. Bourdon tube vacuu 
st { ns that the canner may have a graphic record gages fitted with gasketed pierecir ge points are emploved 

f the 1 cess to whicl 1 @lve t of canned goods has measure the can vacuum which is an important conside1 
een subjected. The industrial or mercury-in-glass thern tion in predicting the storage behavior of the product. Th¢ 
mete s used as a reference instrument on all processing amount of free space or headspace existing in the can is 
equipment. Bourdon tube pressure or compound gages ar‘ measured by means of a headspace or depth gage to dete 
A t’’ instrumentation for pressure retorts to check th mine compliance with the Federal requirements of fill. The 
temperature-pressure relationship, and as a safety measur‘ Munsell color apparatus is employed to measure color o1 
The use { the can center temne iture nstrument indicates the basis of hue. brilliance ind chroma for those canned 
the Nl can cent temperature attained in canned prod ( luded 





WHAT INSTRUMENTS DO FOR 


The Forest Product Industries 
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N the Forest Products Industries are included many used to combat more severe service conditions. Instrument 
varied activities requiring measurement and control, tion is employed for determination of the 1 ture content 
ranging from actual forestry practice through drying of the wood, and thermometers, pressure and vacuum gag 
and preservation, extraction and destructive distillation and liquid-level gages are used in the ( f and 
processes, to pulping methods and the individual methods testing for the various degrees of penetrat required 
used for the various types of papers and specialties.* In The products listed under Class B are re 
this discussion we shall sketch the extent of intrumentation rigid specifications as to quality and dimensi 
in several of the principal branches of the industry, leay It is necessarv that the moisture content of 
ing the details of the highly-developed techniques of powe1 duced and stabilized before the final sizing erat 
development and the unit processes such as distillation to minimize warping, checking, and shrinkag ist 
specialists in those fields. past. it was universal practice to cut the logs a 
The extent of instrumentation in any industry increases her and to pile and air dry it out-of-doors f , 
with the return to be expected therefrom; and it therefore of time before the final proce oe Tw ; ‘ 
increases with the size and specialization of the converting were required, entailing tie-up of large amounts of nita 
plants, and with the relative costs for labor and waste. In addition there was considerable spoilage and fire 

The actual timber harvesting or cutting operations that Early attempts to hasten the drying by heating it 

, form the basis of the whole industry have not developed kjjns produced such an inferior product that a eiudict 

instrumentation since they are largely based upon indi still exists against kiln dried wood in spite of the vance 

vidual workmen operating on a craft basis. that have been made in recent vears. Kiln drving is 1 
In the related activities of cruising and surveying forest quite generally replacing air drying in the larger opera 

properties, many tool-instruments have been devised for tions. Successful operation under present practice depet 
mapping operations and for accurate measurements of sam largely upon use of carefully controlled temperature an 
ple trees. The spread of scientific forestry methods in fire humidity adapted precisely to each individual wood speci 
prevention has led to the use of true instruments such as Instrumentation ranges from simple temperature and 
the Duff Hygrometer for measurement of the moisture con humidity indicating instruments for guidance of manua 
tent of the forest floor, standard meteorological instruments — eontrol of batch-kilns, to the automatie cont and t} 
for weather prediction, and the use of such modern aids  egntjnyous kilns to effect progressive chang n conditiol 
as aeroplanes, telephones and radio. Similar means are em at the several stages of the process 
ployed in forest propagation work together with an ing a satiate Hen adlenbemen Af winkenn devine waked 
nious application of use of the photoelectric cell for actual js odern sawmills are adopting air-operated cont) f 
measurements of crown density. setting on their saw earrings s together wit] 1 
A broad classification of the various forms in which yperated remote controls for trimmer sa i, Sula 
products of the forest come to market is outlined below:# have enabled speeding up of operations and reductio1 f 
Class A—-Piece products largely in the original form vaste together with savings in labo For example, on 
1. Round products such as poles, piling, posts, min plant reports that provision of air contre 1 Saw 
timbers, ete. riage reduced the crew from three men to one, a the 
2. Shaped products such as ties man remaining does a better job 
Class B—Manufactured products of definite form, retaining he productior of veneers requires careful contr run 
the original wood structure and entailing waste in moisture content of the ood. Instrumentat nere ng 
manufacture. with the rapid growth of the industry and th the increa 
1. Lumber manufactured from logs into structural tim ing use of the new synthetic adhesives 
bers, dimension lumber and boards and planing mill and The Naval stores items (Class C) are, we believe, « 
ther special products. ered in other articles. Let it suffice to say that quality and 
2. Veneers. vields have been improved by technical cont guided by 
3. Products manufactured from bolts 01 from mill refuse instrumentation. 
‘ee gag squares, blocks, shingles, spokes, staves, lath, | Most of the products listed under Class D as changed i1 
form and structure have to meet rigid quality and unl 
Class C—Naval stores, rosin, turpentine, ete. formity specifications. This fact and also the fact that the 
Class D—Products in which the form or both the form and Manufacturing processes involve large and_ centralized 
structure are destroyed. plants of high capital cost per unit capacity have led to « 
1. Mechanical and chemical wood pulps, and the various tensive instrumentation. 
types of papers, boards, and specialties. The paper industry is the most extensive one under this 
Zi Cellulose derivatives such as rayon, films, lacquers and  ¢lagsifieation and the pulping phase of this industry has 
other plastic products. ; seen its share in the application of instrumentation 
3. Extracts such as tanning agents. a a i 

: A. Hydrolysis products. 1 pulping metnods ie mec lanical Ff Indw 1 

| 5. Products of destructive distillation process is probably largest in tonnage of product per an 

num. This pulp finds its largest use in the cheaper news 

The products in Class A require relatively little process print and board type of product. The groundwood proces 
ing except in the case of those items which may be treated is largely mechanical as the name would imply, and _ the 
under vacuum and pressure for the purpose of impregnation large power requirements forced early application of usua 
with toxic agents to retard deterioration. Soluble salts are power-plant control means. During the last ten or fifteer 

: used for the less permanent types of treatments, and creo years developments in the associated paper fabrication 

sotes obtained from destructive distillation processes are esses have required increased control of the quality of the 
Tg Te ee ee ee groundwood component. This has led to quite general ado] 
in important raw material in the field of rayon and other speci tion of automatic devices for maintenance of constant ten 

} an ee se latter products are beyond the scope peratures at the grinders by control of the volume of d 

+Adapted from “Forest Mensuration” by H. H Chapmar tion water. Incidentally it has been found that this cont 



































t t lk the subse lent screening, rit is record g welrs and automatic sampling devices for the 
f thi ning tio? ind the stable temperature study of the sources of wastes. It is necessary to bleacl 
t eases the fe of the grinder stones the sulphite pulp for use in the better grades of papers, and 
Tests f siste e made f guidance in manua the modern multi-stage bleacherik furnish many examples 
t f t e¢ ‘ a tior ind tests f freene of instrumentation for testing and of proportions 
ite of ‘ f iter from the pulp, are used fe and proce bles. Temperatures, and consistence 
t f the lp grit : are regu ymatically, and special testing instruments 
Another me nical process of g g importance is the are used to pre-determine the proper proportions of chlorine 
AY t ( ere el : @ S are terally ex alkali and bleac] qu S 
if DY 1dade e lease I pressure The perations of Mills producing chemical pulps by the sulphate and the 
I tne 1, admiIss10o! f steam, and release of the soda processes have been slower in adoption of automatic 
re ea iutomatica controlled | mechanisms of cooking control but now parti 
; ‘ ‘ nt ‘ + re phate ny il ec n Souther? tates a 
UT t ¢ al pulping etnods the suipnite pulping pro Formerly it was difficult and ¢ SULY to bleach the sulphate 
es ised indicating and recording pressure gages and or kraft pulps so that use of the product was confined t 
the POST eee 1 automatic pressure controls. required by ower grade products. The process has the advantage that 
eason of the comparative complexity of the process and the resinous woods may be cocked successful Improvements 
f ecessity of duplication of results. The use of indicat in the pulping process and bleaching methods have enabled 
g and recording means still requires that the digester cool the producers to make the better grades of papers and the 
e many delicate manual adjustments. During the past increased quality requirements have forced instrumentatior 
several years most of the “art and mystery” of the process The control of an alkaline cook is less complicated thar 
een eliminated by provision of steam flow-rate control that of a sulphite cook, but the recovery of chemicals in the 
ers and time-cycle controls for automatic control of tempet former process is important and comprises several conve? 
iture and pressure. With the successful application of forced sions. The steps are those f recove ry of the liquors fron 
circulation of the « ng acid through the digester charge he pulp by counter-current washing, the evaporation 11 
und the troduction of external heat exchangers for supply conventional mu evaporators, a final concentratio1 
ne heat to the circulating quor, automatic time-tempera In special evapo combpustlor! f the organic matte? 
ture cont has been most successful in application. Wher followed by recovery of chemicals in the smelted ash and 
supplemented by mechanical devices for uniform charging causticizing and fortification for re-use. Usual evaporato1 
f the d chips to the digester, the control of quality and and combustion control practices are used in the recovery 
init mit) I pulp produced 1s vy accurate and process, with modifications as covered in the descriptions of 
‘ icible considering that the eactions involve new Southern mi in the recent pulp and paper literature 
{ ases. namely. liquid and solid. And the increase ir The sereening and bleaching operations are similar t 
nlant capacitv—through higher vield per unit of wood and those for sulphite pulp; similar means are used for contr 
nerease i} lumetrie capacit f the digester units—makes All of the chemical pulping processes require considerable 
in attractive economic advantage in additior aboratory testing of ra materials and products, and 
me-cycie cont! Ss ire occas nally ised tf advantage SOTT¢ ises ne S nave been devised for continuous 1t¢ 
t ] ect-steamed digesters wit! ut Toreed circulation, Dut mati ( ntro f aqaensityv, nvdaroger on concel 
t often is difficult to find a representative location for the tration tivity 
ensitive eleme of the temperature contro Co1 ulp into pape presents mal exacting 
{ may te I terest t note that the earilel qa! ste? p piems, and the ndustry Nas bee! eady I adoptiol I 
te! erature nstruments were if the vapor-pressure tvpe 1utomatic cont) elivery f pulp 1 Vater suspens 
hut that present trend cs ¢ ird nstruments based ipo! lirect f m the pu ! nas been Made possibie Dy me 
elect Cal } neiples. Eitl Stance thermometers the for precise esu t r consistence and by special rat 
mocouples are free from the faults hic prove trouble cont! ers or {I portioning meters to Suppiyv the require 
. é the vay tension instruments. The electrical equ blends of fib IS and non-fit is components at the pane 
me lependabk 7 nst la . ind renairs are simple mac re Large s ¢ ! il ire rea ed by following 
I ma be made bv the n elect I Ul ceaure Phe necessity rt cont I consistence t 
| , ect sec f net imentatior . the ¢ tic p ne tne pape 81 Ssvstel sn 1 tna I tne pull rn 
, , , an 4 rite genera ist f automatk ( nt DeCauUuSeE I tne effect 1] ! efil ny a ] the ( Sf 
—_ ‘ . the the , rtio? f the systems | { r inces To the finisned pape 
Kal ( r ire nd temperature ec ders and cont special aut ti f ces 1 guidance or the macnine 
the ¢ gv } ces Instruments are available f 1utomatk ndicat l I tne elgnting I et press ( S alt n quite 
nalvsis f <iq a tent. and recenth ne f thecs } ven ise and are crealte tn sav gs in machine felt 
€ the su ir burning process guidance the adjust t of supercalenders which are usec 
\ She ane ilp consistence _ rte n a pulp scree! to } luce a ¢ ss hnisning IT the pape surface 
ri +; + Pe ‘ . rn fe ’ ict | ‘ ¢ | il t rie ? nda elect ( means it'é I 1S¢ I 
; ‘ Ps =istence evulat S ; , ible f mainte itomatic re t t tne ira elat e speeds f the 
r f consistenc condition The eculat = jj] a is sections of the Lpe iC ( ay 1 breakage I 
‘ ‘ is ] stax ( ne tence il , 4 t ‘ pal 1ué T ves ? Snee Tens \\ cr take D 
=f t - | c , Lnese nst iment Te¢ ~ t Au ti tel t iture ¢ nt Ss ised at S¢ 
t t f susp nd ad ! nt era nts t cess, suc s the stor n the headbox 
‘ + 2 t tain a ¢ ete ¢ 3, sit tne eat | Turnisned tf te ( ne and f ecircu 
i M a nal oe seat F P ¢ f Pr th, 1. Temperatures of calend 
, t { t " is vpes ft st s f n nt { 1utomat col of heating 
¢ } i . ele er 1 re t ( < ce 
‘ ; ; thy, ; ¢ nN stoc < ‘ \ re I t ises ny quid leve wages 
é é phe ; I n ‘ ‘ arenes svstem of ders +} 





WHAT INSTRUMENTS DO FOR 


The Iron and Steel Industries 
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N the Iron and Steel Industry we have traveled a long gases and iiquids used for the var ] perat 
way since the day of hand puddling when the puddier so that in many instances they have forcibly b 
depended on the appearance and “feel” of the ball for startling facts about hidden losses and unsuspe 
the quality of the iron which ultimately was formed into n plant operations; and the time is not far di 
a locomotive boiler stay rod. Today, even the common to sufficient metering instruments, correctly applied 
bacco container or soup can is originally the flat product iced, will become part of the plant costing svsten 
from the modern strip mill, produced under the strict super While the gas producer plant owly bi 
vision of instruments which control rolling temperatures, by the use of other fuels in the steel industi 
rolling speed, descaling sprays, gage, and subsequent heat sential for economical operation that at least er 
treatment. Though made by the mile daily, with a minimum _ tion should be given to its instrumentat wou 
of human supervision, this humble product is by far more to a boiler plant using the same amount 
uniform to both chemical and physical specifications than was common a few years ago to see a producet 
the best day’s output of the best old-time puddler. Yes, we using 100 tons of coal r more daily, wit! ‘ 
have traveled a long way in a short time—and instrumenta a few indicating steam pressure gages as the 
tion has been our magic carpet. Practically every type of ments. These instruments should not be below 
industrial instrument manufactured serves some purpose in of four, recording the gas pressure, gas tempe1 
the industry. There are several plants having each a total temperature and steam pressure Other instru 
of more than 500 recorders and recorder-controllers. regulators can serve accounting or contro 
Starting with the iron and coal mines and limestone During the past ten years, probably no it 
quarries, we find not only the more common industrial in steel industry has received more attentior 1 
struments, but such devices as recording tachometers which corded to the open-hearth operation and du 
show at all times whether or not there was a proper supply the average B.t.u. consumption per ton of. ste 
yf fresh air or the correct withdrawal of impure air through = ¢reased substant ily 15°, partly because the 
the main ventilating passage in the mines. fected in the coat of manufacture of th 
Passing on from the mines and quarries, we come to the n the finished product and partly due to the fact 
by pr duct coke plant, whose operation necessitates the use a decade ago the open hearth id not rece ed 
of an impressive list of instruments. The nature of the ment attention that had been given to the bla 
work demands that most of these instruments be housed in The control of the operations of the reversing 
moisture-, fume- and dust-procf cases. This fume- or mois open hearth is considered of great importance it 
ture-proofing may vary from rubber gaskets in the sulphate plants, whether it takes the forn f aut { 
department to felt gaskets in the benzol department. The from time, or temperature: or merely of a recor 
ranges of some of the pressure instruments may vary fron dicating instrument as a guide for manual contr 
inches of mercury to millimeters or centimeters of kero case it is essential that the reversing e be 
sene. Temperature and flow instrumentation is correspond on schedule in order that the furnace as a w 
ingly diversified. checKer-work, Whic! icts as a flywheel, in par 
Coming next to the blast furnace where the ore meets be kept in perfect balance to prevent fuel w r 
the products of the coal mine and limestone quarry, we gether with stack draft control, is considered 
again find measurement and control playing an important nstrumentation for modern open-hearth furnace 
role in the fusing and cleansing of these eiements to form To these can be added combustion control where 
pig iron. Among the various instrument applications in the be prope ipplied gether w the necessar 
blast furnace operations are: Hot-blast control for auto nstruments to check t efficiency of th 
matically operating the mixer blast valve to maintain un gages at various points in the checkers and _ flue 
form temperature in the hot-blast line, top gas temperaturt warning device n case of restriction due t 
recorders, blast pressure and volume recorders, top gas of an excess of dust in the waste gass " 
pressure recorders, stock level recorders, gas pressure re the checker work and uts down the effec ( 
corders for the dust-separating system, system water pres rea of the gas passage 
sure recorders, gas temperature recorders for various part Gre rice have kew hee ck | 
of the gas cleaning system, stove gas pressure, humidity few veg} a) pplic me 
recorders for cold air, etc., all of which are fairly we erative and recup sias , king p d hea 
tandardized in form and are part of the complement of e application of fuel rate co ne} 
tools all modern blast furnaces must use to produce iron at mbustio1 ntrol. fur pressu , 
iniform rate and quality, as is the practice today ilvs control has done ich ‘ 
While the instruments in the by-product coke plant and per hour. pe quare foot of hearth are 
blast furnace are somewhat standardized due t the similar tes A the rect tr ad 
ty of the various plants in which they are used, tl nd erat d cutting dow eta 1 
n does not exist to such an extent in the steel mill be ecaling of tl terial being heated. 7 
cause of the diversity of the products handled, the techniqu r better qualit n the finished produ 
f the particular mill and the differ n trea om i if y t f ( 
quired b hese p oducts te ( ( i i 
Marg n between pront and loss being exceeding Vv narrow, dere { . al Ant t Cvera 
waste, leakao ind lost ti due to eff : eres VW ) ) S p 
itions, variable qua It\y of products and rejections must be IL pa 0 ite to the pat 
reduced to a minimum. In overcoming these wastes. the d ting it we 
iccurate measurement and control of gases and liquid f their sub ! 
f almost unlimited possibilities. Flowmeters of all kind In tl ng ! ve 
have therefore found a place in checking the quantitie tachomet peed, Tast 


| 
W rie 
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pvr eve r roil te peratul il to guide the pera 
I iké A, rK @as I et more efficie t 
2) I gnter S e same complement of instruments 
nd, with others added wherever the demand exists, 
la he produ rom the lighter mills is usually give1 
1Y ( eat eatme r surface reatmen ifter rolling 
A r? n the departments where plus or minus a few 
legT pe ne ditierence etween acceptance or rejec 
Norma £ d annealing are operations which must 
elr emperature carefully contre led and recorded 
i { ind ga il ng re auto! uiyvy controlled bot 
r time and tempe1 ire muc so that the weight of 
tal dep eda n tne gaival ed sur i¢ Cal e contro led 
1 y 7 \ pe reel ? 
4 strip-chart wattmeter is usual used for recording 
he a id of the plant—and of separate departments 
he ad flicient T} S record points out the need for 
re d ed surveys when the efficiency of the plant be 
r decre r is shown Dv excess powe) consumptior 
I I tonnat proauced It so shows any tendency f 
different shifts to idle machinery just before meal times 
r change of shifts, any delay in getting machines up to 
peed whe i new shift arrives, and other lost motion which 
lds to e power cost of the product 
In addition to the instruments already mentioned, a large 
number of optical pyrometers, ind:cating thermometers and 
7 meters, portable pressure and vacuum gages, gas analy 
outfits, etc., are used to assist operators in setting or 


standards of operation. 


after the material reaches the warehouse, conside? 


incurred by the 


Ieven 


ible expense may be deterioration of the 


heets and other products caused by moisture in the ai 


is remedied by the use of psychrometric re 


warm-air supply 


This conditior 


mntroliers 


corder-c 


regulating the 
lightly on 


So far, we have touched instrumentation in the 
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They make 120,000 different size gages, in 
steps of .000! inch, from minimum size .200 
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as applied to the operations of making a1 
shaping the steel product together with the intermediat 
and subsequent heat-treatment. To these must be added thi 


steel industry 


scientific instruments used in the testing and research de 


partments of the industry, where the steel of tomorrow 
made. High-power microscopes, equipped for use with dar] 
field 


be examined at m: 


polarized-light illumination, permit specimens t 


gonifications exceeding 500 diameters, ar 


and 





made for record and comparison. It 


photomicrographs 
but a few years ago that the first helper 
: from the open-hearth furnace bath into 


afte) 


“spooned” a san 
metal 
breaking the 
approximate carbon content of the 
Today, with carbon limits mu 


small mold and, cooling and sample 


udged the steel by tl 
ippearance ol the f 


preliminary tests are made by an electri 


acture., 
narrowe}l thes« 
carbometer in a few seconds with amazing accuracy. 

numbe} 


does t! 


other industry runs as great a 


both 


Probably no 
physical—as 
this routine testir 


tests chemical and 


routine 
steel industry. The equipment value fon 
and research work alone amounts to substantially 5 perce 
of the industry’s invested capital, and probably carries tl 
vreatest rate of depreciation because of continued demand 
for improved instruments due to the 
We cannot fact that 
the industry’s products have contributed by 
they 


appearance and performance, by the 


ndustry’s own researc} 


ignore the users and fabricators ¢ 


“nutting sa 


tail” to a point where in turn produce article 


nm out 
identical in strength, 
point to the automobile a 
be obtained without it 
synonymous with prog 


) safety, clean] 


among which we may 


million, 
an example. These results could not 


strumentation. Instrumentation is 


and it has in turn also contributed t 
bette) 


leisure 


ress, 


conditions, more pay per hour, an 


industry, whil 


working 
for the 
time, satisfying the requirements of the ste« 


ness, 
more men employed by the 
at the same 
consumer fo1 reduced cost 


better product at 
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WHAT INSTRUMENTS DO FOR 


The Machinery Industries 


By C. E. MACFARLANE 


Westinghouse Air Brake Co., East Pittsburgh, Pa. 


ROM the time that raw materials start through a 
modern fabricating and machinery plant until they 
emerge a finished product, their progress is controlled 
or at least registered in almost every operation by som« 
type of instrument. Through instruments it has been possi 
ble to achieve an improvement and uniformity of product 
which has resulted in higher quality and performance yet 
lower cost, less waste and scrap yet improved usefulness, 
appearance and sales appeal. Through instruments many 
of the uncertainties of the human element have beer 
eliminated and the safety of plant operation has been in 
creased. Without instruments modern mass production of 
the many articles in common use, as well as of articles mad 
to highest standards and precision, would be impossible. 
Furnaces for heating metal for forging, whether it bs 
steel, brass, or aluminum, are equipped with pyrometers to 
‘ontrol or at least to measure the temperature. In addition 
to determining the furnace temperature it often is impo1 
tant to make sure that the metal itself is up to heat, and 
for this purpose radiation pyrometers, both indicating and 
controlling, are available, which sight directly on the metal 
The many heat-treating operations, through which steel 
and other metals are put, are almost universally controlled 
by instruments. These include normalizing, annealing, heat 
drawing, heat 


ing for quenching, aging, carburizing, 
nitriding and other surface-hardening treatments. As _ to 
size of parts they include anything from massive forgings 
to delicate tools and small articles, for which furnaces of 
widely varying size and type are used. They may be gas 
yy oil-fired or electric. While temperature is the condition 
most generally controlled, the period of time during which 
the pieces remain in the furnace is also often regulated by 
instruments which determine the rate of continuously 
operating or the frequency of intermittently-operating con 
veyors. In some heat-treating processes the material must 
pass through two or more different temperature ranges fo) 
various periods of time and must be heated or cooled at 
specified rates. Such processes can be completely and effi 
ciently controlled by instruments. 
In order to prevent furnaces from 

control point, which is apt to occur with ordinary on-o 
controls, the so-called proportioning control instruments 
have been developed. They anticipate the setting point and 
throttle down the heat input as this point is approached. 
Another method of limiting the rate of heating is the dif 
ferential control, in which two thermocouples, one regis 


verrunning thet 


t} 


tering furnace temperature and the other work temper 
ature, are connected to the same control instrument. By 
limiting the difference in temperature between the two the 
furnace is prevented from heating at a faster rate thar 
the work, especially at the time the steel passes through the 
critical point. This is advantageous for hardening intricate 
tools and dies 

A somewhat different function of instruments in cor 
nection with furnaces is to afford protection in case of 
pilot lights going out. One type shuts the furnace off com 
pletely while another type re-lights the pilot. 

One of the newer surface-hardening processes consists 
of heating the surface of the steel with induced electric 
current from an inductor block. The high-frequency cut 
rent which is used and the period of application, whic] 
affects the depth of hardening, are accurately controlled 
by instruments. 

In the last few years the achievement of proper furnac: 
atmosphere to prevent scaling and decarbonization during 
annealing and other heat-treating operations has received 
much attention. Again instruments play important roles, 
such as furnishing a continuous record of CO» content ir 


the fur 


ating’ equipme! 
In the field « 


in the 


electric: 
operatl 
Resista 
tubes w 


the two parts to he 


is usually 


cation 1 
Spot we 


welding. 


Series. < 


nace atmosphe re, cont! ! the 
it, etc 
f welding instruments 
rapid strides which have beet 
are Welding machines voltmeters and a 
il conditions while automatic 
ie the electrode wire feeds at 
ice welding machines are operat 
hich allow a heavy current of t 
flow for a definite closely-controlled time 
oined. The time of 
short, as short as ! VCE 
nay be a single operation, as 
Iding, or it may be intermittent 
By means of the synehron 
f small overlapping spot weld 





c 


i} 


result in one continuous tight seam. The 
devices have made DOSSIDIe the re 
thin gages of metal without burnit 
weld high strength stainless steel t 
in strength o1 preeipitatior if carbide 
successfully welded b this metho hr 
if the welding current various mot | 
available. In heating for forg eldl tl 
temperature is often controlled by mean 
or radiation pyrometers 

Many of the modern ma ne f{ i re 
struments, especial] vhen a numbe fa 
ire to be performec erially on the n 
machines are not group driver but cont 
tric and hydraulic drives. The cont 
built into the machines so that the ( 
and often the same switch regulate 
Magnetic controls, solenoids, timing rela 
reversing switcnes i)e ill made use f 
are controlled to run at one speed during 
ng operation and at a different speed di 
When a coolant is to be used intermittent 
f the oolant pun can be controtied 
‘orresponding machining operation. Safet 
Incorporated, such as one for shutting off 
the pressure rises above a certain point 
oil system, indicating a stoppage of oi 
damage the machine. Gages can be bu 
which read directly, thout stopping 
diameter of a section being turned the 

4 unique method for accurately cont) 
if a piece being machined depends 
pressure caused by the obstruction of ar 
through the orifice and as tl piece ap} 
diameter it obstructs the orifice n re and 
less depending on tl set-ul The char 
thus produced affects mercu colum1 
contacts which first slo qaown and ther 

Ther ls i trend 1 t lf mac! 
cial sockets into whicl emovat instru 
can be plugged to che the performance 
the machines and to check the conditio1 
themselves. One set of nstrument cal ( 
number of machines and valuable inforn 
performal ce, load conditions at d efficienc 
vith a relatively small investment 
Temperature mtrollers are equired 
metal at the correct temperature f aL 
ings. Similar instruments are ised It 
and galvanizing installations 

Tanks containing waxes ind the 
coatl materials for treating castings 
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eated | neal f steam, gas or electricity and they are 
pt at thelr respective temperatures dD) su table controls 
1s parts pass tnrough the a us shop departments it 
essa to clear pickle them to free them from ol 
( | eSt r itions tl temperature of the solu 
ften cont ed DY nstruments and the acidity 
the nstruments 
( tT ! ded plastics Nas increased treme ndously 
nt ears and ivall nstruments pPiay an 1) 
tant ie tne manutacture There are many dif 
‘ types and grades of plastics and the molded products 
erabDly ! SIZE ind sNape Kacl necessitate 
ljtac l ( rae to optain he S 
| ? i ts the ict S I tne charge 
itomatk ¢ ces neasu ] 1) volun 
( tthe ect amount to fill the id. The tre1 
11! presses n i { the tre 1 ! machine tools 
{ ! c ] pe il nt irds selt-contained 
t t nd dau pressure systems. Some of the more 
t cate piece may equire a exact molding cycie INnVvoly 
I tel erature tn i certall ing ( Sing’ tne 
it a definite speed, applicatio1 { ww pressure fo. 
riod, then high pressure for another period, and finally 
ening tne moid agall \ tnese tunct ns can be etfec 
t é contre ed by nstruments and then combined In one 
cess controlle hic i1utomatica egulates the ten 
eratures pressures time nte iis ind movements t tl 
ress ithout ar ittention from the operator. After one 
( Cie Ss ¢ mplete tne pt 5S Cad t receive a ‘ 
charge and repeat exactiy the same cycie without the ne 
essityv of re-setting al controls 
In finishing .processes which are used for appearance 
revention of corrosion, such as painti enameling al 
apanning, subsequent drying or baking must be carrie 
it at specified temperatures. These are cont. ed DY) \ 
ange instruments of simple desig? 


Other parts are finished by electro-plating with nicke 


chromium, cadmium or zine. Each of these processes has 


density and solutior 


ts optimun oltage, current tempe} 


EXTREMES 


" 
bellows cap 










F 
able of 1 move 
ment and i 
bellows capable of 


> Ik pr re per 
Ss ssure p 
pre pe 


square inch 


HYDRON Metallic Bellows are used as control ele- 
ments in temperature and pressure control devices, and 
for liquid or gas seals of compressors and pumps. We 
are specialists in the design and production of com 


plete thermostatic and pressure units for temperature 


sate and pressure controls. We are, therefore, prepared to 
gi 7 o »» extend the fullest co-operation to engineering depart 
2 nents of control manufacturers in the solution of de- 

EF sign and engineering problems 


CLIFFORD MANUFACTURING CO. 
BOSTON CHICAGO DETROIT ~—LOS ANGELES 


SERVING AUTOMATIC CONTROI MANUFACTURERS 
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instruments and te} 
aluminum an aut 


iture fo. vhnien there are electrical 


regulators. For anodizing 


perature 


matic controller has been developed which gradually change 


the voltage in accordance with an adjustabie time cycle. 

Solie operations in machine shops involve the use of 
steam which is controlled for pressure and whose flo 
is metered. Others require cooling water or some drasti 
cooling, again controlled by instruments. 


The transportation of parts and assemblies from on 
ocation to another is often carried out by 
veyors operating continuously or intermittently. The move 
controlled by 


involves the use of photoelectric cel 


means of con 


ment of these conveyors can be variou 


means. One method 


or tubes. When a piece is removed at the end of a cor 


veyor line it allows a beam of light to strike the photo 
tube which causes the conveyor to move until the next 
plece advances to the point where it intercepts the light 
beam and stops the conveyor. These electric eyes are use 
ilso for automatically counting articles and filling con 


levels. 


instruments have found a mul 


tainers up to specified 

In the field of 
titude of applications and some ingenious devices have bee 
produced. X-ray equipment is used quite extensively 
to examine welded defects such as porosity 
and oxides and for continuity of weld. Castings are checke 
and articles built up from several materials 
examined to determine their relative position. Bot! 
X-ray photography employed. The 
Magnaflux magnetic test is used to detect cracks and othe? 
the eye. For the inspectio1 
forgings direct-reading 
instruments become 
automatic equipped with 
justable to any minimum and maximum 

Many types of instruments are used to determine whether 


Inspection 


now 


structures fo. 
for soundness, 
and the fluoroscope are 
flaws too small to be 


if heat-treated 
testing 


seen by 
and motor-operate 
popular. Aj 
photo-tubes ad 
hardness 


hardness lave 
scleroscope 1S 
range 
finished parts are of the correct size and shape. One of 
the most accurate tools fo thickness and dia 

Klectrolimit gage utilizes magnetic 
micro-ammeter. It indicates on a dial whethe 
specified limits, set according t 
standards, 01 much it is over or under sizé 
magnified up to 10,000 times and it is 
check external internal dimensions and 
Another type of device used for piston 
pins and similar pieces employs a series of photo-tubes, by 
1500 pieces per hour are automatically 
and sorted. In the same assembly 


smoothness, 


checking 
meter is the which 
fields 
the dimension is 


and a 
within 


maste! how 


The 


possible to 


readings are 
and 
angles. checking 
which 
0.00005 


means of 
measured to 
provisions for testing hardness, and round 
Intricately shaped pieces such a 


more points in a 


ness can be incorporated 


camshafts are gaged at 25 o1 


series 
automatic operations and those which do not pass are not 
only out, but the location of the off dimension 
marked by the instrument! 

Numerous optical and even acoustic methods are utilize 
for inspection. Projection machines and comparators en 
able us to see at great magnification whether forming tools 
or machined parts such as gears, are of the correct shaps 
Various types of gear-checking instruments have 
highly perfected, including recording gages for gears. 

Tn order to balance shafts and rotors to eliminate vibra 
tion and noise, delicate dynamic balancers are available i1 
which electric instruments indicate hov7 much weight should 
be added or subtracted and a lamp 
visually the location for the correction. 

Laboratory testing of materials involves a large line of 
One which has be 


Wee ded 


bee if 


stroboscopic shows 


instruments too numerous to describe. 
come important in recent years is the spectrograph and 1 
accessories: the measuring and the micr 
photometer. The spectrograph is particularly suited for d 
small traces of elements. 


microscope 


termining percentages and 


Throughout the have 
} 
i 


machinery industries instruments 
important and indispensable. As t 


become increasingly 1¢ 
field of application has widened and new types have be: 
developed, their precision and sensitivity has been increase 
has been stepped u} 
affected | 


mor 


and design improved. Their speed 
their 
unfavorable 


fool-proof and 


sturdier, they are less 
surroundings and they are 
less maintenance and checking. 


construction is 
conditions, 


require 


1¢ 


WHAT INSTRUMENTS DO FOR 


The Non-ferrous Metallurgical Industries 


By KIRKLAND MARSH 


Engineer, Mech. Eng’g Div., Aluminum Co. of America, Pittsburgh. Pa. 





RODUCTION of many of the materials and goods in taining the furnace continuou at the n 
common use today would be too costly for commercial sible perating temperature. It permit ‘ ( 
zation were it not that modern industrial instruments to the maximum temperature mits t n would he fe 
ave enabled close control of the manufacturing processes were the cont? t the furnace temp t i p 
to be maintained, assuring a high-quality, uniform product human limitatio1 
ith low scrap loss and few rejections Temperature measuring equipment enera 
Research and development work is continually improving nized Dy all as being essential to the prope 
existing and producing new processes and materials, and all industrial heating furnaces but there 
ilmost without exception these improvements and new places and Ways 11 vhich it can be applied ft } Tr 
products are the result of—or require—closer control of the additional material benefits. Although automatie tempe 
variables in the manufacturing processes. ture control equipment ts le ran iy tO Many a 
_ ' : . . , been less extensively, adopted tl ] ] ] ( 
That closer control of manufacturing processes results in 
. 11 , 1 ip} cation to most turnace esult 
more uniform product is generally admitted, but «whe . 
. ’ : terial benenits In the f I fq ( 1 f 1 
means for obtaining such closer control is seldom credited 
- 7] . 1 , and reduced operating cost 
ith its full share of the results. As a chain is no bette) TI ; : 
- , he automatic control of pressure and draft 1 
than its weakest link, so is a material no better than is 
, _ 4 heel recognized as essentia to the economica pre { 
ep esented by the properties of the poorest quality offered a. ‘ ai 
Ae, a : . . ; z boiler plants. The greatest array Of moder? ndust i ! 
for sale. When closer control of manufacturing processes 
. : struments are found today n power plant he 
esults in a more uniform product, the range from lowest y ; ; 
: } benehits of such equipment can be evaluated 1 st read 
to highest properties is reduced, with the average nearly ; . . 
, mm ~ 4 As a consequence, the value of draft and pre re ¢ 
equal to the former maximum. This extends the usefulness : ; ; set 
: . 1; : ' of metallurgical furnaces is fast winning recognition. Ih 
of the material to applications having more exacting’ re 
: many industries such control is regarded as essent 
quirements and so makes available markets not previously ae 
‘ economical operation, particularly for furnace here « 
available to the lower-quality material. apes , , 
control of atmosphere is required. And 1 , In consequence 
Closer control by enabling a more uniform product to be of interest in atmosphere control, we seem to be entering a 
voduced is generally responsible for reduced costs for the period that may witness metallurgical-furnace instrument 
following reasons. A more uniform product means less ma tion forging ahead of boiler-furnace instrumentat ' 
terial rejected for failing to meet specifications. This is im Even as the development of temperature ndicating 
mediately reflected in the amount of raw materials which cording, and controlling instruments has followed and « 
must be put in process, the amount of raw material on in tinues to follow the demand of industry for such equipment 
ventory, a greater production per manufacturing unit, ete just so is the development of other industrial instrument 
Closer control of a process generally means a more uni following the demand. New and improved instruments ar‘ 
form load on manufacturing equipment, eliminates not being brought out continuously and just as old duct 
nly unnecessary sudden changes in processing conditions equipment is obsoleted by the development of. nm 
but extremes such as high peak temperatures which hasten old instruments obsoleted even though there are elativel 
deterioration and boost maintenance costs. few among us instrument users who recognize « ll adi 
Closer control reduces unnecessary waste of materials this fact. 
and energy. Consider a material that has to be heat-treated. Present-day competition makes it imperative that 
\ certain length of time must be allowed, over the minimum produce the best quality at the lowest cost and the prope 
equired, to assure that the entire mass, or all pieces of use of modern industrial instruments will go a long wa 
the load, have been heated to the proper temperature. The helping us to achieve these ends. However it requiré 
ise of suitable measuring instruments to show the tempera definite effort and considerable study to foresee, tl | 
ture of the load itself will permit a material reduction in mazes of engineering and accounting diagran ind data 
is factor-of-safety overtime, which will be immediately the benefits to be derived from instrumentation in our ow? 
eflected in fuel saving and increased productive capacity plants. The possibilities are there if we ean o1 e¢ 
f existing equipment. It is common practice in many plants then as has beet proven 1! nnumerable case There ire 
today to use load thermocouples to show when a load of of course, instances where further instrumentation cannot 
naterial being heated in a furnace has actually reached be justified as a sound investment: but vw ur 
le minimum required temperature. These load couples are place in this category too many a} catior ( ctu 
placed directly in, or in contact with, the slowest-heating the use of additional measuring instruments or cont 
portion of the load. In some eases it is desirable to uss ices Ww] pav good dividends 
re than one load couple but in any case the use of sucl The research and development work, referred 
juipment will result not only in a material saving in time ginning of this brief outline. tself dependent u the u 
ut In assurance that all loads will be heated to the same of a multitude of instruments and apparatu 
emperature. This is particularly true in those cases Vitally important to all 1 ferrous metallurgical indu 
hich the material must be heated to a temperature within are the testing machine because the d ! tit l 
‘lose maximum and minimum limits, 7.e. when the ma f new mater! ire unimpressed by qua tive ( 
terial must be heated to a certain maximum temperature in as “a tougn, corrosion-resistant, higi nauctive 
nly slightly higher than the required minimum. In thes ov’: nor are they satisfied with the rathe ndefinite f 
ses the rate of temperature rise as the load approaches f yesteryeal such as Mohs hardne ‘ tel ( 
the desired temperature is so low that a long time is r¢ etc. They demand data which are not quantitative but 
} J ] r’ LJ + QT T ne +} ) } { y 
ulred and the use of a load couple may result in a saving pecific. Hence the A.S.T.M d ( odie eC] 
f as much as 20° of the time that the load must othe ist and suppliers; hence a t 
se be left in the furnace ng t of testi tus f ete 
\utomatic temperature cont! 1 permits the maximun gorically-denined physica nd chemi 
ite of heating without danger of overheating by mai Abi n to Weath 
: ‘ 
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At the turn of the century 
one of the first TAG Pres- 
sure Controllers went into 
service in a New York 
Chemical plant where it 
wos used as a reducing 
valve for over thirty yeors. 
Loter in... 


a more elaborate instrument was 

developed, utilizing a thermostatic 

tube system which regulated tem- 

peratures by opening and closing 

an air operated diaphragm vaive. : : 

its success opened the way in... to design refinements. This new saw the announcement of a new 
instrument was aptly termed the “Peerless” Controller. Its design 
“Perfect” Controller. Significantly, employed the same principles of 
it is still being manufactured today the previous “Perfect” model with 
in its original form and still enjoys many refinements added. Then 
active demand. came the introduction in. ... 
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Over the Years the Name PAG Has Bee 
Written Indelibly in the Development Recor 
of the Automatic Control of Energy 


As a pioneer in the automat ontrol of processes, TAG has contributed steadily to 
practice in one industry after another. From the first crude controller of nearly forty yea 
to the modern TAG Recorder-Controller of today, a long line of faithful performance 
marked by these advancing instrument improvements TAG Instruments have opened thx 
by the more precise control of temperature, pressure and 


+> 


mV 


better processing methods 
n which they act 
Today, TAG's complete industrial instrumentation aids in producing the long-mileage t 


along the nation's highways : alloys of high tensile strength that resist fatigue 


high octane gasoline . better, purer fo 


hich add to the health, delight and comfort of A 


oved textiles ? synthetic plastics 
a legion of other products—all of w 

ons. 
Another notable TAG achievement in modern instrumentation is the CELECTRAY M 
Photoelectric Detection, with its high sensitivity and instantaneous action. The unique CELE 
mpelled the recent development of the new TAG Multipoint Indicating C 


KA 


Paresae 
a eee ee 


cator and Throt+ ing Electr Controller 


measurement or c of temperature pressure, level, flow or time 
TAG Instrume fer competent solution. TAG Engineers have 
ontro o practice, and keep today's industrial production 


plant instruments that lower operating expense and diminish wast 





ssing time and materials. Ask us to show you what TAG Inst 


proc 


red costs, product improvement and uniformity 
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Rectan 
Gular Case’ 
der Controller was offered 
.* 
~ Provided aij the 

ing feature | 

$ and 
gn j improvements of its dey — | : 
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faedern as tomorrow... the new day TAG Re- 
Controller with nearly 40 years of constant @. 
pment reflecting the progress of TAG control 
. It bespeaks the sound agreement of modern 
with its advanced mechanical excellence. Sup- 
vith 9, 10 and 12 inch charts, each instrument 
fies on exceptionally long pen travel. Now it is 

Te to gain TAG's unquestioned control precision 
ON-OFF or THROTTLING models which 
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wa +e Bae ithe 
aS ” nel f onvenient interchangeable tube system. 
lement can be replaced readily and need v 
at one temperature only—no necessity of : ay denies 
3 all points in the range. 
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mane TAG Direct-Set Indicating 
Controller 


TAG Aijr-Operated Recorder- 
Controller 














What good is Remote Reading 
unless you can vely on it? 





BENDIX-CORY 


AUTOSYN 


SELF-SYNCHRONIZING 


MOTORS 


afford thoroughly reliable remote 
instrument indication and control 


The circuit diagram above shows how simply Bendix 
Cory Autosyn Motors provide sensitive, reliable remote 
readings of many varied types of instruments, as well as 
ictuation of light-load controls. One transmitter 
receiver motor or one transmitter motor and se\ 
be used 


remote 
and one 
eral variously locate receivers may 


Features of Autosyn Type B (Illustrated) 


BENDIX AVIATION CORPORATION 
MARINE DIVISION 
754 LEXINGTON AVE., BROOKLYN, N. Y 





FOREST PRODUCTS 


( ( 
tion boxes and suctior ous I vater removal at the er 
if the sheet-forming re 
There are several separate specialized systems for record 
control of the drying operation. For example, one type 
( trols the steam pressure in the dryers by the tensio1 
developed in the sheet by shrinkage in drying. Another gen 
eral class of control tests the humidity of the film of air in 
contact with the moving sheet of paper and adjusts the 


steam supply to maintain a predetermined humidity whicl 
elates to the dryness of the paper. 
A special photocell device gives a continuous record of the 


surface finish of a sheet of paper during super-calendering 


The importance of the moisture content of paper is develop 
ng complete air-conditioning control systems. 
These and other devices serve to lower costs by anticipa 
which would 


s and costly delays. Some of 


tion and correction of conditions otherwis« 
interruption of th 


the devices serve 


Cause e proces 
principally to detect variations in quality 
which might necessitate reworking of off-standard product. 

The foregoing refers to ordinary papers and light boards 


introduced whet 


Additional complications and controls are 


special processes such as tub sizing, calender dyeing 01 


process coating are added. 
Other 


pulp include 


paper plates and other containers which are usually 


minor products made from pape! 
cups, 
formed on special molds from a thin pulp suspension and 
dried coated, and turned out as a finished product without 
necessity of any manual labor. 

The extraction of certain woods and barks for their tan 
ning or medicinal values is relatively simple. As an example, 
chestnut, wood or 


hemlock, and oak 


bark are chipped o 
long periods fo. 
used in the tanning of leather. 
centrated i 
The spent 
chemical pulp. 


hogged and leached fo recovery of agents 
The weak liquors are con 


ordinary 


evaporators with the usual controls 
into 


chestnut chips are in some cases made 


A minor process for utilization of wood and wood waste in 
this country is that of 
turn, are used to produce ethyl alcohol and 


hydrolysis to produce fermentabk 
sugars which, in 
i bulk residue containing some nutrient values and therefore 
used in preparation of cattle This 
ed with weak solutions of 
and filtered. The 
fermented and the alcohol 
usual still-house practice, with the usual dis 


oods. is a batch process 


¢ 
whereby the wood wastes are digest 
hydrochloric or sulphuric acid, neutralized, 
liquors containing the sugars are 
recovered by 
tillation control instruments. 

Destructive distillation of wood in bolt form was formerly 
pract ced for the 


production of charcoal. Today it is con 


cerned also with recovery and manufacture of the methy 


alcohol, acetic acid, acetone, various esters, wood oils and 


tars; and the trend is toward use of small-size waste-woods 
and continuous mechanical units. The charcoal product is 
often briquetted for fuel and small amounts are used ir 


foods. The 
bul ned as 


agricultura non-condensible gaseous products 
production of 
distillation 


separation of the several prod 


are eithe. fuels or are used for 


power in internal-combustion engines. Usual 


methods are applied for the 
ucts obtainable from the crude pyroligenous acid, and the 
instrumentation is that fo 


and temperatures, and for testing of the 


collection of records of pressures 
specific gravity of 
the various distillates 

that the 
Forest 


on the magnitude and success 


part that 
Products Industries has 
of the 


products. The 


It may be said, in conclusion, instru 


mentation has played in the 


depended several indus 


tries and the value of the paper industry 1 


by far the most advanced with respect to the application of 


+ 


controls and recording devices and they are probably as 
liversified in character as will be found i1 any other 1 
dustry.* To the writers it appears that the demand fo 
gher quality products at lower cost must of necessity re 
quire continued application of adequate instrumentation a 
i tal phase of the nufacturing prograt 
; = nt apt 


WHAT INSTRUMENTS DO FOR 


The Paper Industry 


By G. J. BRABENDER 


fechnical Department, Marathon Paper Mills, Rothschild, Wisconsin 


HE role played by instruments in the development of 

the modern paper industry closely parallels the phenom 

enal growth of the industry itself. Early records pet 
taining to the manufacture of paper in America tell us littl 
egarding the use of instruments. A clause in the rental 
izreement by which Wm. Bradford transferred his interests 
n the earliest paper mill (in what is now the United States) 
to Wm. Rittenhouse states in part: 


That they, the sd. Wm. and Clause Rittenhouse [son of 


Wm.] shall pay and deliver to sd. Wm. Bradford, his Execu 
tors or assigns or their order in Philadelphia, y" full quan 
tity of Seven Ream of printing paper, Two Ream of good 
writing paper and Twe Ream of blue paper, yearly and 
every year during y° sd. Term of Ten years. 

This record clearly shows that the use of a ream as a 
measure of a certain quantity of paper was a well-estab 
ished practice even in those times. Instruments for measut 
ing the area of the sheets or at least the dimensions of the 
mold in which these sheets were made were undoubtedly 
used in the pioneer paper mills. The various grades of paper 
mentioned in the agreement between Bradford and Ritten 


house such as “good writing paper” and “printing paper” 


imply that some measurement of these qualities in the prod 
uct was recognized by the users of these papers and particu 
larly by Bradford who was a skillful printer by trade. Per 
haps the quill pen and an ink made from gall nuts were the 
nstruments used for determining the quality of the ‘good 
writing paper.” Incidentally, the use of pen-and-ink under 
standardized conditions is still a satisfactory means of 
measuring writing quality in paper. 

The first mill in central Massachusetts, built by Abijah 


Burbank in 177! 


was considered one of the best in the coun 
try since “ they were able to turn’out from two hundred 
ind thirty to two hundred and fifty pounds of paper daily 

” Thus, the use of a scale for measuring paper by 
weight is inferred from the description of this mill. 

A special printing of the Declaration of Independence: 
was made on paper produced in 1817 by Thomas Aines, a 
noted paper maker, who designed the paper to excel in qual 
ity anything made in America up to that time. “The size of 
sheet was twenty-six by thirty-six inches and only the finest 
linen rags were used. Each ream weighed one hundred and 
forty pounds and the price was one hundred and twenty 
five dollars.”” Here we find a fairly complete specification 
for a lot of paper, including quality, ream size and weight. 

A ream is still employed in the modern paper industry as 
a unit of measure of paper area. Instruments for measur- 
ing the weight of paper and paper-making material used in 
the modern industry are indispensable to its existence. They 
run the entire gamut of devices from the extremely sensi 
tive microbalance to the large platform scales capable of 
weighing tons. The need for quality in paper and related 
materials has fostered the development of a host of instru- 
ments for determining physical and chemical properties. 
Customarily, these are classified as instruments for dete? 
mining (1) strength (2) physical (3) chemical and (4) 
yptical properties and (5) those properties which are strict 
y related to use requirements. 

The strength properties which are commonly measured 
n paper are the bursting, tearing, tensile and folding 
strengths. The paper makers of a generation ago and their 
predecessors were quite expert in judging the strength 
qualities of a sheet by grasping a sheet with both hands, 
placing the tips of the thumbs together and bursting the 
sheet by pressure exerted by the ball of the thumb. The 
modern bursting strength tester, applying a similar type of 
pressure over a definite area and recording the pressure on a 


sultable gage at the moment ft l t ert n i¢ 
more satisfactory service than the litera Li r tl 
measure formerly used. Many refinements have been made 
on the bursting strength tester during recent yea ind 
modern mill would attempt to make pape thout it 


Tearing strength is commonly measured by determinit 


the force required to continue a tear which ha been Made 


in the sheet under definite conditions. The foree is usua 

that of gravity applied through a falling sector pendulut 
Tensile strength, as the name implies, 1 the ( tance 

of the paper to tensile stresses. The stress may be appli 

mechanically and transmitted through a piston acting 

a liquid-filled chamber and recorded on a pressure gage 

it may act on a pendulum to raise the latte ivainst the 

force of gravity until the stressed sheet of pap 

Ancillary equipment is sometimes used on the pendulun 

type of instrument for drawing a stress-strain curve during 

the test and for simultaneously measuring the stretc] 


Folding endurance is measured by instrume! 
the sheet through a definite angle at a uniform rate of f 
ng and under definite tensile stress. 

The physical measurement most commonly made on paper 


is its thickness or caliper. Here, 


manufacture of instruments reaches far toward perfect 


The caliper of a few years ago measured paper thicknes 
to 0.001" but today this same measurement gene 
made to 0.0001" and instruments graduated i 1 ma 
units are quite common. A recent investigation of the « 
pressibility of paper employed an instrument for measuring 
the thickness of paper to the infinite na l¢ f 0.0000 
Instruments are commonly used today for measuring the 
permeability of paper to air, other gases or vapor te 
vapor, liquids such as water, inks, oils, and solvent 
cal solutions as vell i e! a substance ( 
greases, lard and fats. These instruments are a ed in 
form and design as the field ch the pape 
A useful guide to the papermaker, al permeal t 
measured by the time required for a definite quantit f 


under a given pressure to pass through a certain area of 
sheet. Such data enable him to make adjustments on his 
machine that will produce a desired formation or appeat 
ance as well as strength requirements in the sheet because 
of a fairly close correlation in a given sheet between air 
permeability and these other properties. 

A knowledge of the permeability of a sheet to water 
vapor is useful to the manufacturer of pape) used a 
wrappers in the food, tobacco and chemical industries. This 
property is usually measured by subjecting the sheet to cor 
trolled but different temperature and humidity conditio1 
on its opposite faces and determining the rate of transfe) 
of water vapor through a sheet of definite area 

The rate of penetration of liquids through a sheet is of 
paramount importance to the printer or dealer in writing 
papers. Many instances can be enumerated where liquids 
come in contact with papers used in the food industries and 


hence where liquid penetration is of vital interest. Liquid 
penetration measuring instruments are extremely varied ir 
design but practically all of them are rate-measuring de 


vices. The type of liquid used, the method for detern 
the end-point of the test, th 


pressure conditions, and the area of sample tested are 


temperature, Numidity and 


most as varied as the number of permutations which cou 
be formed from the diverse testing conditions 

Paper making has usually been considered an art the 
than a science. The modern industry, however, is coming 
to be recognized as essentially a chemical process. There 


fore it is subject to chemical analyses in practically every 





I M f Su common analyses as the asi 
content lalit ve ] lantitative ations of min 


daeterml! 


strikes the angle of 45° and 


from the sample at an 
the reflected light is measured by a photocell viewing the 


SOUrCE 


fillers and coati ul ses for rosin, casein, glue, sample at an angle of 90°. Suitable filters are interposed 
c} 1 1 ax and acidic materials in pape? between the cell and the sample to measure the reflected 
e all made ‘ ! n chemical methods using labora light energy at a given effective wave-length. The rati 
t é ment struments designed for such purposes between the reflected energy of the sample and that of a 
The field of usefulness of hydrogen-ion measuring in near perfect white body at a certain wave-length is a meas 
struments has been greatly extended by the development of ure of the reflectance of the sample at that wave-lengtl 
the glass electrode and electrometers having vacuum-tube This property has found increasing usefulness in measu 
mplifying systems for measuring extremely small voltages. ing whiteness of papers and in the control of the bleacl 
he pape ndustry has taken advantage of these new de ing’ process in pulp making 
ces in making pH measurements of the complex colloida The reflectance meter just described is essentially ar 
tems and waters throughout the pulp and paper making abridged spectrophotometer. The recording spectrophotome 
cesst These struments have been particularly use ter is an instrument for accurate color specification. It 
ful in studies made on the bleaching of pulps, especially capable of automatically drawing, in about three minutes 
pu e! lifficult to bleach such as the product an accurate reflectance curve over the entire visible spec 
made by the sulphate cooking process. Recent announce trum for paper samples or other materials. The reflectance: 
ments of t perfect if automatic sampling and record curve produced by this instrument gives an absolute meas 
pH instruments should further extend the usefulness ure of color under any conditions of illumination and 
f these device ! iper-making processes. can be used for color matching where the older and less 


An instrument of vast utility in paper-making control accurate methods are unsuitable. 


is the microscope. Its use in the analysis and identifica Finally, the manifold uses of the photoelectric cell as 

tion of fillers, dirt specks, and particularly in fiber identi the sensitive element in devices useful in paper making 

fication work makes essential for control. must be recognized. Instruments for guiding sheets or webs 

Instrumer f the me ement of the optical charac of paper, tension controlling devices, solution and fibrous 

te ( f pape ve played a prominent role in recent materials concentration controls and regulators, tell-tale 

years levices for the measurement of opacity, transpat recording, sorting, inspecting, and classifying machines of 
ency, gloss, formation, reflectance and transmittance all every description utilize photo-sensitive devices. 

een developed within the past few years and are find Thus it can be readily appreciated that measuring and 

nereasing usefulness in paper making. All of these controlling instruments have played an important part in 

levices are designed on the principle of measuring or com the development of the pulp and paper industry. The bring 

ng the energy from a light source by a photoelectric ing of the art of paper making from the hand process and 

ce ocated in a system composed of light source, pape rule-of-thumb methods employed by the Chinese centuries 

1 photo-sensitive cell. The lens and filter systems, ago, to the science of manufacturing an indispensable com 

the geome vith respect to the light source and _ the modity at machine speeds up to 1500 feet per minute and 

ce cation or movement of the paper sample in the in widths up to 300 inches is progress indeed. Certainly this 

el epend upon the particular property being meas could never have been accomplished without the valuable 

ired. | example, in one type of reflection meter, the light help of instruments 





THWING-ALBERT PorTABLe pH METER 


For The Paper Industry 


COMPLETE AND COMPACT WITH GLASS ELECTRODES 


CThwing-Albert pH Meters are especially suitable for making pH 
determinations during all paper making processes and of finished paper. 


For preliminary water treatment, the beating recovery of 
valuable materials from white water and compliance with laws against 
stream pollution, bleaching, sizing, prevention of corrosion and metal 
stains in the paper, preparation of paper stock for coloring or impreg- 


nation; in all of these processes the hydrogen-ion concentration or pH 


proce SS, 


is exceedingly important. 


CThwing-Albert pH Meters are direct reading in pH units, they are 
easy to use by non-technical as well as by technically trained men, they 
are furnished complete with all necessary chemicals, electrodes and ves- 
sels, they can be used with equal success in the mill or in the laboratory. 


Thwing-Albert pH Meters are used in leading paper mills in the 
United States and Canada. Their regular use insures good results and 
economy in plant operation. 


THWING-ALBERT INSTRUMENT COMPANY 


PHILADELPHIA, U. S. A. 





4323 LANCASTER AVENUI 

















WHAT INSTRUMENTS DO FOR 


The Petroleum Industry 


By WILLIAM K. McCOY 


Instrument Engineer, Gulf Oil Corporation, Pittsburgh, Pa 


N the last twenty years the oil industry has made tre 
mendous progress. Finished products have been immeas 
urably improved, yields greatly increased, losses greatly 
reduced, and the percentage of time that manufacturing 
inits are in actual operation greatly increased. 

The instrument (by instrument we mean all indicating, 
recording and controlling equipment) has played and is play 


ran important part. Nearly every operation which takes 
place in a manufacturing unit at the present time Is either 
1utomatically controlled by an instrument, or an Instrument 
furnishes the operator with the necessary information to 
control it properly. In addition, instruments have been re 
sponsible for much of the present development which 1s 
isible in our modern units. 

In general, instruments have become the guiding hand of 
the industry. Refiners have learned to measure, record, and 
control with them, and to depend on them to furnish neces 
ary information for future developments. They have also 
made it much safer and easier for the operator. 

In the succeeding paragraphs it is our intention to dis 
uss the various general classes of instrumentation and 


their particular application to the oil industry 


Temperature Measurement 

Inasmuch as oil refining is essentially a thermal process, 

e indicating, recording and control of temperature has re 
ceived the greatest amount of attention. The industry ha 
seen a tremendous development in this phase since the st 
yperator would spit on the transfer line and time the evap 
ration to determine its temperature, to our present poten 

ometer pyrometer systems where the error is not more 
than 0.2% to 0.3% of the total chart range. Much of the 
present-day equipment is operated with such close tempera 
ture control that variations of as much as five degrees in 
one thousand, at any point in the process, will seriously affect 
he yields or shut down the unit before one-half tl sua 
me of the run has expired. 

It is because oil refining does require such close measure 
nent of temperature that the oil industry, during the last 
ght years, has come to use the potentiometer pyrometer 
ilmost exclusively. This instrument, in either the indicating 
yr recording type, has the maximum accuracy available; it 
as the widest scale and greatest flexibility; it is practically 
unaffected by overranging; it has the ability to indicate o1 
record the temperatures of a relatively large number of 
points; it is not affected by ambient temperature changes; 
t has been developed, fortunately, into a rugged instrument 
requiring a minimum amount of maintenance; and it is an 
exceedingly flexible unit, it being a relatively simple matter 
to change the range if desired. 

It is not uncommon to have as many as twenty or mort 
recording potentiometer pyrometers on one unit, recording 
temperatures at 80 to 100 points throughout the process. In 
addition to these 80 to 100 points, a second group of less 
mportant points are generally connected to an indicating 
pyrometer, and other temperatures are taken by industrial 
thermometers. This type of measurement has done more 
to develop our present-day processes than any other single 
factor, because it has furnished the greater bulk of the in 
formation. 

Flow Measurement 

While temperature measurement has probably contributed 
the most to the development of the present processes, the 
measurement of flow of fluids has béen the major factor in 
the control of each process and in the determination of its 
iltimate yields and its practicability. Present refinery prac 


tice Calis f the t tio} { ) 
( ce ever, ( r } the 
methods, such as the ( 
stroke the ersatil ce te 1 
positive-displacement met ie aaa 
rhe 1 st nume ] mie eme i 
f ai rifice plate in the e and 
CCOTC ) ndicat | mete Cal 
measure flows at hi pressu 
i] ite { Its extreme flexil t 
to the constant e anging if refini 
the advantage, in the recording i 


trends in the changing flow rates of tl 


respect performs its most valuable service. It 
ords which are so much help to the ops rate 
picture of the flow through eacl ne f 

period of time This is the nstrument hic 

flow rates within the unit. and is used f r t 
of most utility services: steam, gas, fuel « et 

In the lines leaving a refinit init it renera 
place some form of d lacement elocit t 
particularly where more than one unit u 
products to a common storage tanl These 
reasor ably accurate measurement, the pn Live 
type giving errors of not more than 0.1% t ,9 
anges of flow 
Pressure Measurement 

Pressure measurement continues t ‘ 
parts in the instrumentatior I a ren ! 
cating pressure gage Is st Il the commonest t 
probably the most frequently referred t ! 
This is chiefly because it indicates change 
before the other instruments ean pick the , 
pressures are generally the first values t est 
the starting up of a unit he pressure ( | 
determine the operating pre ure ( ‘ 
chief considerations 1 deciding the eng I ft 
can be ke pt on stream. As tl Init approacl! I 
operating pressures, It 1s also approac! he ! 
that 1t can remain on strean 
Level Vea Hwrement 

Liquid level has played and will continue t 
part in the operation of a refining unit. The indu 
using practically the same methods of measu 
the last ten or more years: the gage gla the d 
pressure types and the various types of static | 
The good old gage glass, sometimes dolled up qui 
withstand high pressures, is still the favorite ir 
It is the best, most accurate, and most reliable 
it does offer a certain amount of hazard whet 
high temperatures, as rain or water striking it 
times break the glass. The differential-pressur 
probably the safest type available today, and 
the most flexible, its range varying from about 


of water to several hundred, if necessar’ 


type is not too practical to use In 


viscous fluids. The recording types of 


the 


\ 


measurem 


Ho 


TW 


er 


instrument 


most common found and are used as mos 


instruments to indicate trends 


Speed Me asurement 


Generally speaking, speed measurement 


minor role in modern refining. It is bei 


ny 


check on other types of instruments. The 


larity of the centrifugal pump, and th 


t u 


oth 





e made speed measurement a which has made its appearance in the last Tew years; ane 





tant fact n processing. However, the tacl the older type, using gas, vapor-tension, or mercury therma 
to be found on most ma pumping unit systems. All the measuring systems, of course, actuate some 
form of air pilot r relay 
1 fic ¢ ( Flow control is becoming more and more popular and ir 
O S ust alr-operated automatk many cases is supplanting other types of control. It is be 
extent than a other indust? This ginning to be used as a substitute for temperature contro 
tation is beer irgely responsible fo n places suc is the top of a fractionating tower, where thx 
the 5 my] ement of the finished products, made po flow controller is used to feed a constant amount of reflux 
1 f operation, permitted us to reduce the to the tower. This system can be used to great advantag: 
e of units per barrel of charge, and made it where the amount of heat input to the tower is constant 
Pay 4 the erat t vor} resulting in more stable operation of the tower and pet 
| hould be mentioned here that due to the reduction of mitting operation at higher vapor velocities. It is also sup 
time ement torage capacity in the units and the planting the liquid-level controller in many cases, particu 
nditions encountered, the petroleun larly where the level controlled stream is fed through heat 
f ‘ ted the most advanced type exchangers, for regenerative heating. Its chief use, of course 
equipment. In most eases, where the control prob is the control of discharge rates of pumps. 

tance, the new type instruments having This type of control depends almost exclusively on _ the 
item commatinty ealied satemetic veent cr differential-pressure flowmeter as its measuring element, a 

( ection, are used. Frequently, this tvpe is also used the other types of metering equipment do not lend then 
} ‘Hho ma companies in places wher it is not impera selves read ly to the applicati yn of air contro! relays An 
sini. teu used because the instrument enginee: ther increasingly popular use of this type of control is for 
( t ij future he can use the instrument in some the mixing and blending of petroleum products, an 
Phis fatere use of an instrument has chemicals of various types used in the purification of pe 
cintian en Olt tha ehint coateran of the olltodustey inatee troleum products. [t is not uncommon to find forty or more 

, ihe of these controllers on any one modern unit. 
ment e1 neer. Present-day development of refinery proc ere : 

. ai : : ae “ap Pressure control play an Important part In present da 
: esa seeyit wi - senshi agit stevie Mabscaneeasr ial yperation. It is used to control the pressure held on the 
“ . a ” ‘ : seyret ee me te rd gig ris fractionating columns, the heating elements, the pumps and 
coach inne aia eels, Seppe at the steam, gas and oil pressures. It is axiomatic that no unit 

they are ntended for at present Dut also some future opera is stable that does not have constant pressure conditions 
tion. In some cases of control, notably flow and temperature, Liquid level control is playing a less and less conspicuou 
this type of controller is used almost exclusively. part in present-day manufacturing processes. This is du 
femperature control was the first to be applied to any chiefly to the fact that we till have practically the same 
ma legree, and still finds wide application in such places controllers today that we had fifteen years ago. The tw: 
is the cont f the top temperature of a fractionating general types in use are the ball float type and the differ 
ami I ntrolling the amount of heat to be absorbed ential pressure type. The ball float type still has the limited 


i it exchanger. At present there are used two general float travel, while the differential type suffers from the same 
tliometer pyrometer type, faults mentioned in the foregoing discussion of the liquid 
level recorder. Instrument con panies could well afford t 


spend some development time on this subject. The present 


nstruments are being used mostly for running products t 


Wh the field, and for this service only in those cases where 
ere accuracy regenerative heating is not being used. 


Speed control, like speed measurement, is rapidly disap 
pearing fron tne picture tod LV, be ng used oO ly as a checl 


or secondary method of control, to be used in case the regu 


insured 


lar control fails. 

The development of the diaphragm-motor control valve t 
its present state of design has contributed more than any 
thing else to the stability and long life of the present manu 


facturing units. The control valves at present are called 
upon to take care of wide ranges in flow and wide changes 
in pressure drop across the valve; and to handle extremel) 
erosive and corrosive fluids, all of which they are doing it 
a highly satisfactory manner. The improvement of the valve 
plug, alone, from a flat disk type to the present parabol 


plugs or the characterized V-port type of construction, ha 
r 












ee! the mall factor n this development. \) additiona 
factor has been the tremendous improvement in the desig? 
f the diaphragm motor, w th it increased power and the 
Pau greatly reduced Tf} t1o1 oad 

‘ ——— a Another interesting recent development which will, we 

— , . belleve, receive wide acceptance n the industry is the ap 
oul ZA 42 ohh plication of manual-control handwheels in connection witl 
P CL diaphragm-motor control valves. Theré by, it is pe ssible ti 

Uv 1] ri ri | pst | 
manualiy operate these Valve n case of fallure of the 
THE MAINTAINED in-built accuracy of Westcott orifice meters, whether for Indica controller or to limit the travel over which the instrument 
av operate the valve to any proport on of the valve stroke 

ing, Recording or Integrating, is embodied in: precision machining o! differential j 4 4 4 1: 4 +] ] 
, ind a ne san ime locate this proportion of the valve 
- stroke anywhere within the normal valve travel. It is this 

gage body chamber ow angle of float travel small angular travel of ae ; _ : , 
design whic! Ss being used almost exclusively on transfe 

tatic pressure tubs only one movable part between mercury surface and nes 1 mall nN Dat pressure a eating elements il 
n numerou nst s suc ilves are being used withou 

., 
chart recorc."@ Information is available on request D passé around tnen 
% . . fo Equally nteresting ind US¢é l ire tne new vaive p 
AMERICAN METER COMPANY 
. ners ¢ ir re ivVs, Intended to eliminate ili possible deat 
METRIC METAL WORKS ERIE, PENNSYLVANIA snots f these ntre val es This little instrument is re 





eiving wide application at the present time, and is particu 
arly valuable where large amounts of energy must be ab 
sorbed by the valve, for instance, where extremely high pres 
sure drops must be handled, and where viscous or dirty 


fluids must be controlled. 


The development of the control valve to its present state 


f de pendability has also made possible its remote operation 
from a centrally located panel. Valves are being used it 
this manner for emergency unloading of vessels and manu 
facturing units. 

We believe that the centralization of indicating and con 
trol equipment has been more pronounced in the petroleun 
ndustry than in any other. For instance, on all major units 
here is a control board, conveniently located in an isolated 
room. From this board all normal operation of the process 
takes place. On it are assembled the temperature recorders, 
all essential indicating and recording pressure gages, all 
level recorder and indicators considered essential to the 
operation of the unit. Here, too, are located those flow con 
trollers and flow meters which can be conveniently located 
yn the board, and the temperature controllers which are 
ised for the system. Also, the main firing controls which 
control the gas supplied to the heating elements. These 
boards, at times, reach lengths in excess of eighty feet and 
it is not uncommon to find as many as 150 or 160 indicating, 
recording and controlling instruments located on a single 
me. Generally speaking, one man per shift is assigned to 
patrol this board, observing all his instruments and firing 
the unit from this position, It is here that all the records 
are kept, and the room serves as the base of operations for 
the entire unit. Generally, there are one or more secondary 
control boards located in the pump rooms of the still, and 
a small board located near the heating element for emer 
gency operation. 

In the design of new equipment, more and more enginee? 
ing attention is being placed upon the instruments and 
controllers themselves, and their proper location in the still 
Control valves and orifice plates are not just stuck in the 


ne any place, but rather the location of these is definitely 


planned. This 


neering, 
and it has 


use of en 
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Many people are p1 
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strument course t ne nivel 
definite field t he college-« 11 
nstrumentation as a fe-work 
owever, does need a nun 
designs. Among t 
for recording temperatures, the 
or greater degree of accuracy 
at the same time be built in 
w designs of liquid-level controll 
ater flexibility in level control; 
1 less fra le remote indicat 2 
rr distances up to 500 or 800 feet 
control truments of tl 
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CLOSE CLAMPING JAWS AROUND 
CONDUCTOR. . conductors up to 2'4“ dia. 


MULTI-RANGE 


CLAMP-AMMETER 





With no connections to make, no interruption of cir- 
cuits... the self-contained WESTON Model 633 Clamp- 
Ammeter provides a simple, quick method of measur- 
ing AC current flow through insulated or non-insulated 
conductors. Remote indications, too, may be had... 
up to 50 feet from the clamping jaws... by plugging 
the quickly detachable Model 301 into a special car- 
rying case available for the purpose. Some of the out- 
standing features of this new Clamp-Ammeter are 
described at the right. In addition, Model 633 is at- 
tractively priced. Complete details may be had from 
the WESTON representative near you, or by returning 
the coupon below. 


Weston Electrical Instrument Corporation, 


591 Frelinghuysen Avenue, Newark, New Jersey. 


Send literature describing the new WESTON Clamp-Ammeter. 
Name 
Address 


City State 
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BROADER UTILITY 


READ CURRENT DIRECT 
..-1 to 500 Amperes 









MAXIMUM SAFETY 
GREATER ECONOMY! 


6 current ranges 
... 10/25/50/100 
250 and 500 am- 
peres 


For insulated or 
non-insulated 
conductors up to 
214" diameter 


Sturdy bakelite 
case, handle and 
trigger ...for 
maximum safety 


Clamping jaws 
heavily insulated 
.». protects oper- 
ator... prevents 
short circuits 









lf 
Farthous WESTON 
Model 301 instru 


ment... assures 
long, dependable 
service 


Accuracy guaran- 
teed better than 
3% between 50 
and 70 cycles 


Temperature er- 
ror less than 1% 
from 32° to 110 
Fahrenheit 


Man sized handle 
... proper balance 
for easy handling 
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WHAT INSTRUMENTS DO FOR 


The Power Industry 


By E. S. LINCOLN 


Consulting Electrical Engineer, New York City 


NSTRUMENTS and precision control, either manual 
automatic, are required for every step in the genera 


tion of electric power and of its distribution to the 
ultimate consumer. The use of measuring instruments as 
applied to the power industry begins with combustion u1 
der the boiler; the switch that starts the internal-combus 
tion engine and the opening of the gate which puts the 
water turbine in motion. At the end, voltage must be know1 
and controlled when the generator shafts begin to revolve 


With hydraulic power there is no combustion, therefor¢ 
fewer measuring and controlling instruments are needed 
but these are highly specialized, as witness the 500-foot-tall 
gate-opening controls at Boulder Dam. Direct combustio1 
in the Diesel engine cylinder requires temperature measure 
ments and fuel control, at least—and altogether a greate) 
variety than is found on hydraulic turbines. The third class 
1f prime mover, wherein heat is required for producing 
steam, requires that instruments and automatic controls be 
applied to obtain efficient combustion of fuel, to provide suf 
ficient heat units for maintaining correct pressure in the 
boiler and to provide adequate steam flow to meet the pow 
requirements of the steam turbine. 

The greatest advancement of instrumentation in the 
power industry has taken place in the generation and utili 


zation of steam. In earlier stations only a fe instrument 


such as steam pressure and vacuum gages were used. The 
modernization of furnaces, boilers and auxiliary equipment 
hrough instrumentation is directly responsible for cheay 
steam power generation. Many modern steam generating 
stations generate a kwh. for less cost than a hydro-electric 
station of equal firm power capacity. In 1917 generating 
stations required 3.03 lbs. of coal to generate a kwh.; to 


1.42 lbs. of 


ecting avings 


day, modern generating stations require onl 
coal to generate a kwh. In addition to eff 


1 salt 


(which are passed on to consumers) instrumentatio 
guards equipment and protects steam plant operators fron 
fe hazards. 

Every step in steam generation requires the use of i1 

iments for efficient operation. Where fuel consumption 
s great, periodic analysis of fuel and tests of lubricating 

are required. The supplies of fuel and air require auto 
atic control to meet variable steam demands placed upo! 
rv changing loads in turbines. Constant steam pres 
ure must be maintained and water evaporated in boiler: 
must be replaced, thus requiring the use of additional in 
struments and control. Auxiliary equipment such as co! 
densers and feed-water heaters require vacuum, pressurt 
and temperature instrumentation, as well as measurements 
leakage, salinity, ete. 
In the generation of electric power a constant voltage 
must be maintained, as well as accurate frequency contro 
m alternating current systems. Generator voltage control, 
vhich was a manual job in the early days, has become an 
mportant branch of instrumentation; and today there are 
iot only numerous types of generator voltage regulators 
but also feeder voltage regulators, all assuring the cus 
tomer a constant voltage regardless of fluctuations in his 
neighbor’s load—or in his own. 

Frequency control was not considered an important 
factor in the early development of a-c. systems and th 
requency meter did not appear until a-c. systems had beer 
Nell established. Today, frequency measurement has at 


tained a higher degree of precision than any other meas 


irement in the generation and distribution of electricity; 


and frequency regulation a higher degree of accurac\ all 


due chiefly t e fact that the ut tv ! 
Ul peoples timekeepe } { T it ( 
with an a-c. suppl 

Through measurements and cont the 
of alternators is accomplished and dete 
distribution of loads among individual ge 
erating stations which comprise a com 
liary equipment such as exciters and swit 
also require precise control 
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WHAT INSTRUMENTS DO FOR 
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IRN he experimental work by Peel, 

Goodyear and Hayward (1791 to 1844) the early rub 
ndustry was interested chiefly in waterproofing 
ric and small household articles. I 1861 the first solid 
ibber cab tires appeared; in 1888 pneumatic bicycle tires; 
| d about 1896 a few enterprising frn began to manu 
cture rubber tires for automobiles. Little thought wa 

| | ( t strumentation in those days, the major prob 
being to design processing equipment. Nevertheless 


































































| 
| ‘ ibber ndusttr realized that the itomobile ndustr\ 
vould grow oon began to think in tern f rger pl 
luction capacity and, witl 
| mpetitior n the field, of 
educing costs. This pro 


demand for skilled 


luced a 


*hemists and engineers. 
These men recognized that 
cost reduction and im 


syrovement in quality would 


equire adequate means of 
and 


*a pressure 


measurement control 
Valve oO}! 


educing valve had been 
nsidered sufficient in cut 
g@ processes, and a hand 
tachometer was something 
nly found in large fac 
educational in 
Timing of an 
left to the 


idgment of the operator 


\ ng conditions were 
As the demand for rub 
ducts grew in the 

f 1 1910 to 1920, ideas 
plant layout expanded 


ind continuous processing 


something of a 


ecalnt 


eality. Instruments began 


fice of 


uniformity. Chem 


sts and production men 


beginning to aecept recorders as a adjunet 
f indic Further developments in instrumentation In 
1920-1950 equipment time 


f its functions. With these advantages it was possible fon 


necessary 
itors. 


produced control having as one 


the chemists and tire engineers to write closer specifications 


vith the expectation that they would be met. New com 


pounds and tire constructions were developed requiring 
greater precision In processing. 
During that period the instruments used were modifica 


ons of those other industries. 


Today the 
suited to 


developed for 
nstrument industry offer 
the requirements of the rubber industry and can coordinate 

pieces of equipment in that the maxi 
from each element of the 


can special equipment 


such such a manner 


mum benefit derived Instrument 


nstallation. 
The rubber industry offers a field for scientific as well as 
Instruments today are 


to maintain uniformity, to minimize costs and to 


ndustrial instruments. accepted as 


production with less physical effort on the 


yperator. 


M 


ment 


temperature 





The Rubber Industry 


By G. P. BOSOMWORTH 


in Charge of Engineering Laboratories, Firestone Tire & Rubber Co., 


Akron, Ohio 








the 
prepared for shiy 


Rubber industry instrumentation begins in oversea 


erude rubber being 


drying ovens equipped wit 


plantations where 


is passed through large 


and humidity control equipment. Many rubbs 


plantations laboratory and control equi 


today can show 


ment equivalent to that found in the world’s industr 
enters. 

After it is received in this country the crude rubber ha 
to be “thawed out.” It is placed in large heated roon 


yntrolled. At the end 


where temperature and humidity are ¢ 
} : 
into a masticator 


aterial is fed 


I 1 specilied time the n 


vhich the temperature ar 
juantity of the water uss 
for cooling or heating th 
equipment are controlled 
by hand. Th 
yperation, from a tempera 
angle, offer 
a problem typical of mar 
of the 


ber factory. Large masses 


generally 


ture control 


processes in a rut 


of material and equipment 
introduce time lags whic} 
are not easily handled wit 
iutomatie control. 
Seldom the 
material, as received fro 


can cru 
ie plantations, be uss 
. Other materials ha 
added in the correct 
quantities and this part 


ilone 


to he 


the process generally takes 
place in a mixing de 

Banbury. T} 
miaterials may 

plastic, gram 
liquid. 
weighing 


ment and temperature co! 


KHnOoOWN as 


solid, 


powdet or 





lu 
meters, equly 
trollers are required. Gre 
progress has recently be 
made in the automat 


to play a major part i 
facilitating such produc Fig. 1. Designed by the Ford Motor Co., this panel controls the auto compounding of rubber n 
tion methods without sac natic Compounding system on Banbury mixers at the Ford Tire Plant terials. An outstanding ¢ 


ample of this is that of t] 
Ford Plant (Fig. 1). 
The “usual”? compounding room of a rubber plant is ratl 
dusty—and therefore materials at 
inpleasant working conditions. Cycle controllers with aut 
either photoelectric 
t possible not only 
accurat 


represents waste of 


matie weighing equipment using 


mereury switches are now making 


overcome these defects but also to permit more 
weighing and timing of the process, producing uniforn 
f the product. The Banbury mixers are cooled with wat 
but only in has the stock temperature be 
satisfactorily measured and recorded. At first vapor-pr¢ 
sure systems were used, but heat conduction from the bi 
to the side frame caused errors as high as 80°F. It was the 
that the 

opment was sponsored by the 
believed that the Firestone Company 
successfully on 


recent years 


pyrometer won acceptance. This particular dev 
rubber manufacturers. It 
the first to 1 


Banbury mix 


was 
pyrometric instruments 
Most rubber manufacturers are now using recording pyr 
eters. 

The 


fed to a 


processed in the Banbury 
1s generally added a 


material after being 


mill. At this point sulphur 
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Extrusion Plastometer Fig Thickness re ‘ ( ig. 4 p ‘ 
Dillon Firestone T. & R. Co.) Firestone I & R < Leeds & Northrut recording nstruments I Pr e ¢ 


d further plasticating and mixing are done. Cooling water 1 measuring the total mas ot the naterla ‘ 
‘his required in the rolls to remove the heat produced by the there Is avallable a nstrument manufactured by | ! 
Ya echanical work done on the rubber. Since cooling wate1 which depends for its action upon the dielectric characte) 
Fel one of the major items of expense in the rubber plant, stics of the material passing between the plate f 
any) invthing which can be done to insure its correct minimun capacito Dial micromete (Fig. 4) used as a laborat 
‘ub e would result in a worth-while saving. Surface temper: checking source of thicknes easurements ha tand 
Ses ires are important and various thermoelectric or resistance foot pressure nd diamete lr} s nece i? 
lent type Instruments have been used. ompressible material as rubber 
ce! In the Mill Room it is necessary tf control the pecific Che tubing machine na supplanted to a reve d 
viti gravity and plasticity of the tock. For this purpo most iiender for proce ne the rupper ¢ pou 
rubber manufacturers have a control laboratory cated at cros sectior for tube and tread In <¢ 

‘ud yme convenient point te which samples are rushed by pneu milar machine t] equipment dees conside 
ron atic tube systems. Here the specific gravity of the samples cal work on the materia producin¢ ( 
sed ivy be measured by methods going back to Ari nedes, high becom njurious to t lu | 
lave t the plasticity is determined by such new nstrument therefore id rable feature. It ('¢ { 

rect the one designed by Williams, Marzetti and D n (Fig ta iniform weight per unit lengt} f 1 extrude 

I »). At the same time sample cures are mads f the stock teria ind ft eut it nt corre rtl { 

AKES check on its suitability for future proc ng. The ! The weig equip t is | 
eee iporatory platen presses and autoclaves, of course, are around the lever tvpe seal echomete ire « 

Phe juipped with temperature recorders, controllers and aut to the productior ipervisor and operato1 

atic timing devices. The processing previous to the assembly of tl i lu 
lia Cotton plavs a maior part In the manufacture f tires. It elements of a tire must be rried out wit ufficient de 
lu Ss reecived 1n 250-500-yvard rolls which are stocked. in ware ol iccuracy to meet ne 

uly uses maintained at uniform humidity and temperature product. It is usel t Lv nig ct ¢ 
Pre-processing of the fabric consists in dippine it in a solu control on one part tl | TOaer ( 
— tion of rubber. The fabrie is then dried in temperature inother. The product a t gradu pproache 
ee ntrolled ovens and the dipped fabric is next passed tate becomes more valuable; t] vould be 
- through a calender where gum is applied. The calender roll i complete art d be discarded by 

a ire heated or cooled to the correct temperature to facil tion staff 
a te application of the gum to the fabric. A similar tims Curing methcds have probab ane ere — 
ag problem arises on the calender as on the Ba bury and ve changes of any used in tire factur 

; ther heavy machinery. At present resistance thermometer ning, a tire was mad n two portior the fab 

ve nd thermocouples are used, but without mucl uccess the tread. Each of these part wire eC akee 
af Here is an opportunity for instrument engineers to solve assembled on an iron form and the whole fina ire 
; perplexing control problem which is as old as the it This probably was the age of the greate imou 

; lustry. manual labor that the tire industry has seen. At that 

a In the manufacture of tires it is necessary to maintair the troubles in manufacture overshadowed the control prot 
an ur iform thickness and weight per square yard of the treated lem. As production increased, the REET Ee e oh. 
rat fabric, A calender in the course of a day can produce a equipment became increasingly evident. In addition 
See nsiderable amount of skim coated fabric representing a the chemist and development engineer had made 
ore irge material cost. Rigid specifcatior S are set up Tor he new compounds and tire construct ns whicl permittec 
“we shed product. The process cannot easily be stopped te changes in the method of proce ng. Howeve l 
the Ee rmit brig ghing the material or measuring its thickness changes required that re rigorous specificati 
we fo facilitate such measurements various instruments have The advent of the vertical pot heater occurred at the 

It een developed. There are available continuous thickness when generally the only torn I yntrol were a weg! 
: 4 orders which measure not only the overall thickness of lever type reducing valve or manuall perated 
xe em shed material but also the thickness of the gun ilve with an indicating pressure gage. The checking 
ie pphed to each side of the fabric. These instruments are of the curing conditior tnrougn tne ise of re 

; © magnetic type. Representative type sare those developed mometers and thermocouples made it po ble te I 
“~\ Roy Brown and Schuster (Fig. 3). For continuous iniformit n curing conditions could t be 

; easurement of weight there are available direct-weighing even the most skillful use of pressure gage and reduc 


L1©S of the rubber convevo1 type KF ? continuous ives Leakage I il? nt tne teal ( neatel a 








hig Au canizers. Summi s 
Bris ( ( S s i by Firestone T. & R. ¢ 
irbed the yor temperature relationship. A natura te} 
fter tl vas the adoption of a recording thermometer 
Ve evolved into temperature controllers for the contro 
the curing process 
Phe Vaive equipment on pot heaters Wa relatively large 
i | t Wa round na quality could be Improved and 
vor the operator reduced by using remote-controlled 
with electric, hydraulic or pneumatic operation. Il 
e first years of instrumentation in the rubber industry it 
i ifficier ndicate, record and control certain ind 
dual conditions { the process suc as temperature and 
ressure. The logical steps after measuring conditions art 
record the ind evel illy to control them automatically 
Vit! me as oO of the auton tk ( mntrolled processing 
ynditions. We now find a ten perature ¢ ntroller generall\ 


king with or incorporated in a cycle control. 


curing process has in recent years undergone a 


further change. The curing time has been reduced and the 


hard manual work has been largely eliminated since the 
yperator is no longer required to handle the molds. The 


pot heater for curing a number of tires at once is being 


by a smalle known as the watch-case 


curing unit 


r jacket mold. These curing units are arranged in groups 
that one operator often handles as many as fifty molds. 


In th system the operator progresses along his group of 
inits, only handling at one time a single tire. It is in this 
type f curing that instruments have done an outstanding 

b in permitting the operator to maintain schedule without 
laving to go through a complicated, hard-to-remember, 


fatiguing routine for each curing unit. This has been made 


possible thr ign the use ot cv le controllers which furnish 
the various steam, water or air supplies to the process 
1 tt corres ine. The use of such automatic equip 


specify more complex 
producing a better tire, with the know] 
Since the 


pot heater, 


ment (Fig. 5) permits the chemist t 


‘uring conditl S, 


that they will be accurately maintained. 


acket molds are each essentially a miniature 





unprecedented demand for cycle con- 


lenoid valves. The com- 
that the 


adjustable to 


trollers and small diaphragm or s 


plexity of the cures necessitates control 


equipment be flexible and quickly different 


specified curing conditions. 


It is a matter of common knowledge that today’s tires 
ire better than those of twenty years ago. This is largely 
due to improvements in tire design and compounding, re 


quiring higher standards in processing. Instruments have 


been responsible for the ease with which these new stand 
irds nave beet ittained. 
There has been considerable progress in tube curing fron 


the old straight-pol 
dered material was 


wrapped type in which the flat calen 
around the 
eated vulcanizer for curing 
way is to use individual vuleanizers 


wrapped and then 


placed in a steam Here agai 


we find that the modern 


ymewhat sin ar to those used Tor tires. They are equipped 
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the various valve 


opel 


ons which govern the flow of steam and air required f 
the cure. The duration of this operation is short (7 to § 
minutes) and the pe tor could not possibly go throug 
the required n ns 1 large number of vulcanizer 
with any degree of accuracy without automatic equipmer 

Mechanical goods have grown to be of as much imp 
ince as tires and tubes the rubber industry. A numb 


1f primary processes found in the tire industry are al 
ised in the preparation of mechanical goods, such as 

yreparati f the crude rubber, milling, Banbury mix 
nd tubin$s Fro this point on the process differs slight 
in that platen and extrusion presses are used for curit 
lhe presses are generally heated with steam, hot wate 
lectri resistance units. High-pressure water or oil 
required for the closing mechanism, involving the use 

quite expensive valve equipment. Cycle controllers are be 
ncreasingly used to facilitate production with uniform 


Temperature control of the material process¢ 


in a platen press is not as successful as in a jacket mold 
pot heater. This is not due to the instruments but rathe 
to the construction of the presses. Presses are relative 


To improve these conditio1 
in the design of presses which w 
oday’s temperature 


nefficient heat transfer units. 


changes are being made 


permit the accuracy obtainable with t 


fully realized. It is no longer cor 


the best of curing control methods to use stea 


pressure as a basis of temperature measurement. Cu 
temperature and it 


should be the 


specified, as in tires, by 


believed that the method of control same. 
Mechanical Goods section of the industry, corse 
uncured st 


throus 


control of weight of the individual pieces of 


Considerable money can be saved 


eliminate waste. Time recorders 


i 
] 
> 4 


accurate weighing to 
p the production supervisor 
units. 


of equipment he 
obtain maximum production from such curing 


In the rubber industry the production of steam, hydraul 


power and compressed air for processing requires consi 


erable instrumentation in the power house. These servi 


must be accurately metered to establish costs and che 


waste. Records of pressures and/or temperatures of th 


production troubles. It 
control 


services are of value in case of 


wrong, although common, to blame a system 


breakdown of a process if the correct services are not ava 
able at the header valves. 

A fact ry 
f instruments and control valves. 
should be in the hands of an instrument divis 


processing rubber uses a considerable numl 
The maintenance of su 
equipment 
installation 

Sucl 


trained in the correct 


and 


whose personnel 1S 


yperation of the instruments valves involved. 
department should be one which has the confidence of | 
the production and technical staff of the factory.’ 
The scientific instrument industry has furnished ma! 
special instruments for checking the product at 
stages of its manufacture. It is necessary during the proc: 
to check density, thickness, 
aging characteristics, tensile strength and abrasion res 
been a gradual shift of the scientific 
Today 
instruments as dial 
penetrometers 


Varit 


plasticity, hardness, weig 
tance. There has 
strument to production use. one can see product 
micrometers, \ 
cosity and 
tensile testing machines with an understanding of the pr 


operators using such 
devices, plastometers, stand 
being measured. 

It is hard to visualize today’s production methods wit} 
the benefit of instruments. The steady flow of mater 
from the receiving platform to the warehouse and a sa 
fied customer is only possible if uniformity is maintained 
every stage. It is believed that a considerable part of 
service life of the various rubber product 
They now have the confidence of 
and the sponsorship of the te 


erty 


sat sfactory 
instruments 
departments 


due to 
production 


1 


nical division. 


*Ret I n insti ! epart r rganization: (1) R 
wr n Chapte I\ I t One, B s Manual of Instrume 
I i nS nts Fet 193 pag 27-32 (2) G P. Bi 
4 th i 8 N S S5 \9 ( ) \ M 
s 1) 1 { nd Jan. 1937. pa 1 











The modern totally-enclosed, insulated, stainless-steel piece-dye kettle is 


WHAT INSTRUMENTS DO FOR 


The Textile Industry 


By H. F. PERKINS 
Engineer in Charge of Mechanical Research, Pacific Mills, Lawrence, Mass. 


equipped with temperature-time cycle cont 


I'THOUT measurement and control instruments, there some detail to show the extent to which i imentat 
would be no modern textile industry. “Survival of now obtains. 
the fittest” is as true in industry as it is in biology. In the so-called manufacturing departments of worste 
Industries which have shown the most progress and_ the mill we have many examples of modern instrumentatio1 
establishments within the various industries which have sur The automatic control of humidity alone would justify tt 
vived and still are successful are those which have insisted opening sentence of this article. The process of carding 
upon keeping “‘fit.”” This has meant a willingness to spend combing, gilling, drawing, spinning, twisting, wind ( 
money for modern machinery, for new equipment, and for warping—all of which are involved in the producti ( 
research. In fact, the extent of this latter activity has be yarn—together with the weaving of yarn into clot a 
come a barometer of industral progress. these would cease to function properly if humidity were ni 
Research, at once, suggests instruments, without whicl iniformly controlled day in and day out throughout the yea 
such a department would not get far. Laboratory instru Several types of humidifying systen have proved ¢ 
ments may or may not be representative of those found iz tirely successful over a period of many years. Their r 
common use throughout the plant. It is a fact, however, that — spective merits will not be discussed. Suffice it ay tha 
yesterday’s tool of the technician is today’s guiding star fo their control is entirely automatic and reliable. It shoul 
the machine operator. It aids him in more easily and intel be added, however, that the automatic control of the heat 
igently performing his task. ing in the Northern mills, while not imperative, is desirable 
The modern generation is instrument-minded, There is n in connection with humidity control. Uniform conditions a1 
mental problem in connection with the introduction of in more easily maintained and savings in the steam plat 
strument control. More young men, throughout our plants, effected by automatic control of room temperature 
ave had some technical instruction than ever before. I re Strange as it may seem, the greater saving ( 
fer particularly to the boys who have taken advantage of made over week-ends and holidays, when the plant hut 
our trade and evening schools, and especially the evening down, and in store houses or buildings not having operatir 
ourses offered at the Textile Schools. These boys are quick machinery. Under these conditions, thermostatic contr W 
to make use of the benefits found in automatic devices. maintain safe temperatures against freezing r damage t 
This was not so true of the older generation. product, without wasting unnecessary heat. Ir Y filles 
It is no secret that the textile industry has been accused with running machines, the entire horsepower requ 1 t 
f being one of the least progressive of our major industries. drive these machines is eventually dissipated eat 
accusation is probably due to ignorance of what really means that in many rooms no additional heat equire 
is been accomplished over the vears, and the fact that during working hours. It also demonstrates how u b 
there has been nothing spectacular about it. Progress ha ter is our automatic thermostat for controllir rT 
been made steadily but surely, and in the last decade has tion as compared with manual contr 
it least approached the spectacular. Instruments for the control of temperatu ‘ re 
lo cover completely the whole textil industry is, natu or both, are considered necessary at sever points durii 
illy, too large an order for this one article. The woolen and manufacture. The question sometimes come Ip 
rsted division is fairly representative, however, and prob whether an indicating or a recording type of trume 
ably presents more problems than the other branches of should be used. While there is no set rule (and ofte = 
ne industry. This division, therefore. will be followed ir sonal preference is the deciding factor) in genet nd 
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a4 strument ire itisfactory for continuous operatior 
‘ e recording instruments are practically demanded f 
itch perations. Indi temperature controllers a 
ised on wool scouring t ns and backwasher bowls, a 
ough re der-controllers are often used on the drye 
The essential is to have controllers, as it is well known tl 
ess temperature is harmful to the wool. 
Che steaming of Varn 1s a batch process and the recor 
s important. Whether it be a vacuum or pressure steame 


each lot is recorded for the time it has been steamed ar 


There are also continuot 


conditions ob 
but 


are not 


tne exact talning. 


these are voverned by the speed of the ap! 


steamers 


and subject to much variation. 


fertile field 


operatiol 


me of its most 
n the slashing department, where the 
this process are successfully handled automat 
cooking kettles are controlled by ti 
temperature recorder-controllers. The desired cooking cy¢ 
This includes the time allotte 
the boil, shutting 
the sar 


Automatic control has found 
{ several 


equ red in 


lly. The size 
up on the instrument. 
batch to the boil, length of 


and at 


off the steam at the end of the cooking 
time stopping the agitators. Every batch is identical, ar 
s record 1s on the chart 
Here ( il! t mprovement over the forms 
nd method, particula wit multiple-shift operati 
he t becomes a questio1 is to who forgot to watch t 
1lOCK O1 yp the agitators, and thereby ruined the bat 
It als gratil ! tnat the same operatives as before 
now handling these automatically-controlled kettles witl 
ich better result ind with no trouble in manipulat 
( truments 
The practice of stopping the agitatio at the end of 
ook is not followed in the cotton, where a much thi 
size is used. Here, the size is circulated through a lo 
stem feeding the vats as required. The size vats are reg 
rly equipped with automatic temperature and level 1 
yrder-controllers. These two functions may be performe 
by a two-pen instrument operating from two bulbs throug 
separate tube-systems; the temperature bulb being vert 
and approaching the bottom while the level control bulb 


yrizontal and at the top of the vat, since it is the expos 
position of this bulb, when the level drops, that causes m<¢ 
size to be admitted. In shallow vats, where the size pas 

ough rapidly and temperature change is slight, g 
yperatiol s effected by dial thermometers placed W 
iS\ \ ual distance 1 tne operato1 and connected to 

s by the usual flexible tubing. 

Temperature recorder-controllers are proper equipm: 
or the drying chamber. Information is certainly needed 
his point I warps are mproperly dried. Excess tem pe 
ture also to be avoided. It not only is a waste of ste 
ut it also serves no good purpose to overbake the siz 

Another advance in automatic control is being introdu 
yn tne arious types of slashers. This the so-called sj 

ol, W reby the speed of the machine is governed 
1e desired moisture content of the warp as it approa 


particular method used to acc 
th d-fferent makers. A 


accompanied by physical or 


ie bean ng-off end. 
S! change 
sture content elect 


inges Which may be hat essed to ope rate the speed cha 
ng device. Typical examples now in operation include « 
trols actuated by changes in static electricity, in resista 
to an electric current and in the humidity of a sample of 
lrawn through the surface of the warp. So far, most pr 


slashers but developn 

and on wool. 

side of the tex 
and worsted pl 

ipplications of autom: 


has been made on the cotton 


ress 

proceeding rapidly on rayon 
dyeing and finishing 
ind still following the woolen 


find .many furthe 





ontrol. The wet finishing, comprising as it does many sc: 





ng steaming operations, is well supplied with both 
licati ind recording temperature controllers. Hers 
ypportunity for making real savings, because of the « 


water used. 


the textile 
particularly for 


control instruments used in 


mproving quality and 














f iable when was f heat iy b 
’ ( tinuous washe f 
i ple this feature 
ey = W polnt as S W 
h . ( mportant In rinsing sé 
erflows to waste. In ‘bo g st 
ma s up the ventilator. I have in n 
ne im flowmeter on such 4 mac! 
al is this loss might b This mac 
ou stean ind ne meter gave us a re 
r xt step Was to cut down at variol 
lired ten s, and carefully fe 
eld 2 Ol was finally cu 
as rifice oO or output. The 
it e! ised as the yperators indicate 
me = H nd contro! said again bee! 
” contro O Malntaln more easil 
tt —— 
ting he dyeing operations which ar 
an Interesting applications fot 
and i ne these 1s ti modern, t 
= ess ste plece aye Kettle lin 
ie ers hav ong bee tandart 
Z | r fa 1lar opel \ pe WOoOde ne 
‘ ynit s watched for a “hard or s 
: eristies f ed by the dye | 
: . As equipped wilt WIndows | 
‘ ‘ Als being tigntiy sealed 
re lired t n ntaln a Dol iil O 
t i( l S ( no pe operated nte g 
me and temperature cv 
Yr)? 
1 ‘ } S val oreath f 1? 
ie i t ‘a cS & Call\, COU 
s of cloths to be dyed. Here, ag 
— Ns ter Ketties Nave put an extra bu 
= le to their so-called universal se 
me ae iv D followed D\ i 
Us reen, with the fabric changing at 
. Ss in the same kettle. 
lb | 4 . 
e cont ng cams must theref 
VOSE 
rexchanged to sult these varied requ 
MOT ufferent from an application whe 
AS nt functions day in and day out 
5“ : oO! \ of which leads me to sav t 
1th ere is the severest and the most ¢ 
- 
e} 

\s to the cycle itself, it may be 
me visnes, and dvers do not agrees n WI 
a n iment ikers, therefore, have 
pel lexible that almost any requiremen 
te gaagets may De id, iten a sma 
U signa pening or closing the stea) 
lu yO]! or performing some the des 
3p The carbonizer is we supplied w 
dt lemperature recorders control the sev 
acl ym the wet end through the baker 
ci nM ) ! ylley Is 1 JOY to the operat 
ore v asked, “Has anything happened 
bY can reply with the well known 
lans ormer Governor, “Let’s look at 
( ents have proved extremely satisfa 
ta Subsequent finishing operations c 
f | ers, most of then equipped with t 


pl the tenter dryers require, in addition, 


me eeding the cloth into the pin type chai 


ths ay 


wW ¢ + 


Ln added refinement in control on 


ex i device Tor correcting diagonal warp threads 


pI as become “skewed” in some. previ 
m: itest development along this line | 

0% ted by photoelectric cells. 

h Speed controls, such as described 

re leveloped also for these cloth dryers 
e] DJject in that the dryer should run at 


owable 





thout exceeding the desired 


™ n the cloth leaving the dryer. And here agai1 


eSS has been made yn the cotton side 
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IMPROVE WEATHER DATA 


From a network of stations selected by the U. §S 
Weather Bureau for typical American weather, th 
stratosphere is pierced daily by free balloons carry 
ing Friez RaySondes. Until the ascending ballox 
bursts in the upper rarified atmosphere (parachutin 


the instruments earthward to possible recovery f 
which the finder is rewarded) continuous radio signa 






 DIAMOND-HINMA 
SYSTEM 


of temperature, humidity and barometric pressure a1 






transmitted to special Friez photoelectric Cyclo-Ra 



















Receiving-Recording equipment on the ground. A 
ready results have registered a notable gain in mor 
immediate, more extensive information of upper-ai 
conditions and indicate new and more reliable method 
of weather forecasting for all America. 

Friez developments for Industry, Agriculture an 
the Weather Sciences carry the same mark of pioneer 
ing effort. If your product—or process—or operating 
schedule—is affected by the weather or indoor ai! 
conditions, Friez instruments can help you solve you: 


problem. 


JULIEN P. FRIEZ & SONS 


Division of Bendix Aviation Corporation 
BALTIMORE, MARYLAND 








Life Cycle of 4 HhaySonde 


from Assembly to Stratosphere 
and Back Again 


Factory production view showing manufacture, calibration and 
* assembly of parts. 


Shows RaySonde undergoing final inspection before shipment 





Inflation of balloon to predetermined weight sufficient to carry 
* RaySonde aloft. 


*« just before release. rs 
RaySonde just after release—headed toward the stratosphere at 
* approximately 200 meters per minute. 


The first RaySonde recovery returned from the flight program ——_— 5 
+ launched by the U. S. Weather Bureau during July 1938. 


4 RaySonde attached to parachute by shock absorbing spreader 
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WHAT INSTRUMENTS DO FOR 
The Transportation Industries 
I-Aircraft 


th ORMAL operation of airplanes is By W. G. BROMBACHER indicated by the Sp 


becoming more and more depen Chief, Aeronautic Instruments 


try 17 
aie dent upon instruments and cor Section, National Bureau of J. H. Doolittle in 1929 in the Gugg 
‘in lers as the size ol airplanes In Standards, Washington, D. ¢ heim Fog Flying Experiments. 1 
eases and as the ideal of 100 percent strument 
aC ife and efficient operation even in ad ir-driven evroscone with three decres 
na erse weather is being gradually approached. The numb f rotational freedom, the rot aN f 
al f instruments has increased to such an extent that in large vertical. Should the rotor be deflected from the vertie¢ 
Ra irplanes it is beyond the capacity of one man to watch them may occur in normal maneuvers, it returns to the ve 
Al ill. The use of automatic controllers and the integration of in the most direct path, due to the action of a ¥ 
01 nstruments tend to reduce the fatigue of pilot and crew. duced by a jet of air controlled by pendulous va 
al Maior instrument and controller developments now it The magnetic compass? is the principal means f 
gress are those designed to facilitate: (a) landing of cating the heading of the airplane. A steady im) eme 
od reraft during conditions n the performance of the 
f poor visibility, (b) de magnetic comp: i i 
an termination of position and it of many « . 
ee! ititude when flying with ce n has taken place it 
ting e ground invisible in 01 nie Taek tan een I 
: ler to prevent crashing ler to determine the trac] 
au nto mountain sides and er the roun hen fl 
you liding with other ai ng by the magnetic con 
raft and (c) air condi- the drift of th 
tioning in high - altitude ine due t Le nd 
IS flying. In landing during rivet the: ie) , a anand 
poor visibility reliance is is vet be measured e} 
yw placed primarily on the ground is not ble 
adio devices. Therefore non 
Many other instrument ys and int el t ird 
yroblems exist, and are 1 radio station. radio bean 
ontinually arising, which and idio compasst 
equire improvements and used during ne yigthilit 
nodification of existing 1n Radio beams, if undist 
struments. These improve ed by atmosphe ( { 
ents and modifications, tions r | topog 
vhile not spectacular in ve a strairht course, it 
ature, must be made in lependent of de 
th interest of increased » the id transmitte 
fety and efficiency of n the presenes f le 
yperation. At present there nds the idio con 
s a trend toward the use ruides the airplane to the 
f various electric distant radio station ! 
ndicating instruments. Ex tholie track. Rad 1 
eriments on various ways ndieators and radio con 
f illuminating the instru- passes have een unde 
nent board are being made. constant stu ch | 
\ireraft instruments must esulted in much improve 
e light in weight and ment in their reliabilit 
nust operate reliably and The latest step forward 


the Sperry RCA automatit 


iccurately when subjected 





to variations in pressure radio direction finder whict 
ind temperature, and to ndicates the magnet 
bration, although the bearing of the radio sta 
ise of shock-mounted in View in pilots’ compartment of American Airlines’ Douglas DST Sleeper tion and the relative beat 
showing some—not all—of the instruments. The new Sperry Direction 7h aloes 
strument boards is becom Finder may be seen in the lower center, just below the engine control knobs ng of the rad tatior 
ng general. and the heading of the 
Instruments on airplanes airplane 
nay be classified as those used for (a) navigation, ()) The magnetic compass is unreliable during tur! Phe 
i1utomatic piloting, (c) instrument landing, (¢@) automatic — gyrosc¢ pic turn indicator was developed in 1918 to indicate 
nstrument landing, (e) powerplant control and (f)_ icé the flight conditions under which the compass 1s reliable 
varning. In addition a number of special instruments ar In the Pioneer instrument the precessional torque of thi 
ieeded in (g) flight-testing airplanes, (h) aerial photog rotor, the axis of which is normally horizontal, 1s balanced 
aphy and (j) airships and balloons. In view of their lim by a spring, the deflection of which is proportional to the 
ted use, (9) to (7) will not be discussed. ate of turn. Recently Kollsman has developed an inger l 
Vavigation Instrume nts turn indicator in which the properties of a liquid jet in 
Navigation instruments are here defined as those whicl ee. Se ae a ee ve See ever 
ndicate the attitude, altitude, speed, direction of travel, and To obtain heading of the airplane during t tne 
sition of the airplane on the earth’s surface. At present Sperry directional gyro’ was developed and first used in 1929 
the attitude (fore-and-aft and lateral tilt) of the airplane is vith the gyroscopic horizon. It is an outstanding exam} I 
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RADIANT ENERGY 
MEASUREMENTS with 
Epptey THERMOPILES 





Measuring the energy transmission of glass in the 
nfra-red. The apparatus shown will prove particu 
larly valuable in the testing of welder’s goggles, 


whe re a simple il d eff cient method of n aking suc! 





measurements is desired. It consists of an Eppley 
four junction, circular type, copper-constantan ther 

pile, microammeter and filter holder, mounted o 
: bake t ) St 
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ne extreme care nicn 1s necessary Wl tne manufacture 
many aircraft instruments. The instrument is essential] 
free gyroscope th the rotor axis normally horizontal. 7 


rientation of the rotor axis can be set manually to obta 
a reading of the card to agree with that of the magnet 


compass. This setting must be made at intervals of abc 


twenty minutes in order to correct for extraneous precess 
the rot \ vacuum pump furnishes the airstream r 
lired te yperate the otors of the gyroscopic instrument 
In order to eliminate the neces Ssity of resetting the dir 
tio1 f the instrument is now being modified by Spe 

so as to Malntain the itor axis in the North-South p 
means Of a stab ed Magnetic compass. Seve ral expe 
ment models of the modified instrument, known as a gy} 


magnetic compass’, have been constructed. 

The earth inductor compass may again find application 
it did in the late 1920’s particularly in view of the need 
epeaters in big airplanes where the pilot and navigator a 
separated and, perhaps, as the direction element in an aut 
matic pilot, when a stabilized instrument is available. Amo1 
relatively recent developments, none stabilized, are the We 
compass, depending upon an electric capacity placed with 
the bowl of the magnetic compass; the Holmes electrolyt 
compass; and the Purvis compass in which the indicat 
depends upon a coil with a core of Permalloy, fed wit} 
alternating current. It is understood that other development 
are In progress 

Drift can be measured only when an object on the groul 
or on the water is visible as a reference. The angle betwei 
the path of the airplane and the compass heading is deté 
mined by observing the object through a peep sight equippé 
with sighting wires. The more complex instruments conta 


n optical system. Development of drift sights is being p 


ticularly emphasized by the air serviees of the Army at 


Navy. Its importance lies in the fact that simple drift m« 


urements serve to ¢ rect the head ng to secure the de 
track. Further, the velocity of the airplane over the grout 
is determined by measurement of the drift on two cou 
ita g@ivel i peed Alter? itl ely the rround velocity 1 
r t ned fT ma no'le irift measurement, by timn 
a known altitude the passage of an object on the 2 
between two cross-wires on the drift sight. 


\\ ne 


ye user 


n the ground is not visible and radio methods cam 
t 1, the “line of position” of the airplane is determi: 
from observation of the altitude of celestial bodies. The 
observations are made with the aircraft octant or sextant 
The Pioneer octant and the Bausch and Lomb sextant? ha 
been available for many years. Minor development persi 
1! n effort to increase the ease with which they can be ust 
in making observations at night or day. Adjustable bub! 
evels which are used as the horizon in these instrume1 
required intensive development to secure reliable operat 

Air speed, the speed of the airplane relative to the air, 
measured by the differential pressure de veloped by a Pit 
static tube®. A difficult and as yet unsolved problem is 
selection of a convenient mounting position for the tubs 
as to secure at all air speeds true differential pressure a1 
true static pressure, the latter needed for altimeters a1 
rate-of-climb indicators. Pitot-static tubes are electrica 
heated in order to prevent closure of the openings by ici 
The air-speed indicator’ is a differential pressure gage ca 
brated in miles per hour or knots. Extending the spe 
range of the indicators and tightening the performance: 
quirements has necessitated re-design of the indicators 
the past few years. Diaphragm capsules of beryllium cop] 
are now generally used in high-range, sensitive indicat 

Altimeters” of the barometric type are used to fly at 
constant pressure level, to clear obstacles and to detern 
the altitude, particularly in landing. Altimeters, which 
essentially pressure-measuring instruments, are calibrat 
n accordance with the altitude-pressure relation of 
U. S. standard atmosphere’. Within the last ten years t 
lent has been the production first 
Kollsman, followed by Pioneer, of the sensitive altimete 
ts commonest form the main pointer deflects one com} 
revolution per thousand feet change in altitude. The rat 
if indication is 35,000 feet. When required, instruments 


outstanding accomp 


>} re + > ‘ 
re tained Which are temperature compensated Ve the alintaine n straight, level flight y tl itomat ! rt 


lly e range of indication. In the latest designs the elimina a course determine ccessio} f trans! é 
TI f minor errors has been stressed. Emphasis at present nstalle approximately a traight ( 
bta mproving the convenience and accuracy f the ba iescent t a elected iltituce \ er hetweet id tra 
ret etric pressure setting methods used in resetting the mitters 2 at . and n to the ; ind, after 1 
abo eter pointers in flight when the pilot is informed } transmitte is held at 400 feet per n ite \ 
‘SSI f changes in the air pressure at the ground leve ate-of-climb indicator to control the throttle of the engin 
m re Abs ite altimeters, indicating the height of the alrplane When the predetermined altitude between t tte! , al 
nent e ground, are at present in the experimental stage. Twe s reached, the throttl brought t ite 
dirs es, the sonic and the radio, are most promising. In bot] position by a eontrol operated the altimete | iP 
per gnal is sent from the airplane, reflected at the ground experiments determined that the eed, at t rate-of 
play el, and received again at the airplane. Essentially the lescent th the airplane maintained in the f} t-leve 
xp e between emission and reflection is taken as a measur { ! a it 20 n p.l gyreate { un tne ta eed, The 
ov? f the altitude The successful developme nt of a 7 1410 a } ine adio ecelvel Ss Tune¢ automatica yf the ne 
eter has been recently announced jointly by the Wester adio transmitter by a cont perated by fio market 
7 ic Co. and the United Air Lines. beacon when above each transmitting statio1 ! nding 
ed Greater sensitivity in indicating departures from leve a cont provided ch automatically closes the t a 
ra light is obtained from the rate-of-climb indicator. The instru a ee 
aut ent is also used to indicate the rate of change of altitude This is a big step forward, especially i ‘ tT the claim 
mo} steady climb or descent. The indication depends upor made that the method can be adapted for use on any of the 
Wi easurement of the small differential pressure obtained at radio landing systems now in experimental ust 
vith two ends of a capillary leak connected to a volume. Re 
olyt ent improvements by Pioneer and Kollsman are (a) com Power Plant Instrument 
seatie nsation for changes and for rate of change of instrument Centrifugal, chronometric, and less generally, magnetic 
i as temperature and (b) compensation for change in calibration tachometers'! for measuring rate of rotation of the engine 
sae th altitude (pressure) inherent in using the altitude are used when the flexible shaft is not too long. In large 
essure relation of the standard atmosphere airplanes it is necessary to use electric tachometers. A num 
ber of electric types are available, among which are (a) 
— lutomatie Flight Control d-c. generator-voltmeter, (b) a-c. generator - d-c. indicato 
rs The Sperry gyropilot’, generally used in this country, with electrolytic rectifier, and (c) a-c. generator - a-c. motor 
ae ites back in its present form to 1933. It automatically op coupled to a centrifugal mechanism. Most electrical indi 
tat erates the controls of the airplane to maintain straight, level cators have a minimum pointer motion of 270 de pti s. A 
flight and can be used in making turns. The controllers are scale sufficiently open to indicate changes of at least 10 
| a the directional gyro for flight direction, and the gyroscopic r.p.m. is essential. On multi-engined airplanes speed syn 
Be horizon, together with an altimeter for maintaining a level chronizers are used, usually flashing a light at a rate pr 
eg fight path. Turns are made automatically by setting the di portional to the difference in speed 
pel rectional gyro to a new course. Vapor-pressure thermometers are used to measure the oi 
yu) Instrument Landing temperature and, in air-cooled engines, thermocouple thet 
yn Quiet, persistent development of methods and instruments es nee eee eee ey coe nee 
z , Pheri sae ie Pave instruments probably require anti-vibration mounting t 
oe we ee ne . There is a trend toward electric thermometers, either the 
in the past two years. The National Bureau of Standards resistance type or one using Selsyn or Autosyn transmitters 
ani developed a curved radio beam in the vertical plane to guide =f. measuring oil temperature 
mins the airplane down to the landing’. Directional guidance ir aie @ : — Se 
Thess the horizontal plane is furnished by another radio beam. F reweun esa prs sonnet ee 
xtant Development of this method of guidance has been carried on measure the fuel and oil pressure. The availability of elec 
have since 1933 by several organizations. The next milestone will tric types has been announced 
rsist be the installation in the near future of this landing system Fuel quantity is troublesome to measur hen shallow 
ust vith modern improvements at Indianapolis by the Civil wing tanks are installed. In one instrument'’ a tube extend 
yubl Aeronauties Authority. to the bottom of the tank and is connected to a differentia 
ment Many variations of the above system and other methods pressure gage and a hand pump. The latter f rees ail 
ati f instrument landing have been proposed or are under de through the tube into the liquid whereupon the fuel head i 
air, velopment. Of these only the system developed by the Army ust balanced by the air pressure in the tube and ma 
Pitot \ir Corps* will be mentioned. This differs from the above C@ted on the pressure gage, calibrated in fuel quantity. A 
is t nethod in that a straight line glide is made into the landing check valve is usually installed in the line near the tank. Ir 
ibe field without requiring vertical guidance from a radio beam other instruments a float indicates the fuel level. Variou 
‘e al The ground equipment is portable and furnishes guidance ™€@Ms are used to indicate the float level at the instrument 
S al n the horizontal plane and an indication of position relative board. One, now little used, is by means of a mechanical 
rical to the airport. connection, another by an indicator in an electrical circuit 
ici lhe main reliance in the more promising methods is upot containing a re sistance controlled by the float, and another 
e ca idio. In general tranmitters furnish beams for guidance ir by two Selsyn or Aut sane a GRY Re OnnTares: Fr 
spec the vertical and horizontal plane and marker beacons serve RREe OM. SNe InSet ener OONTe 
ice | to determine position relative to the alrport. On the airplane Manifold pre ire Pape are rie met 
ors pecial radio receivers with the necessary indicators are adapted to indicate in the nge 10 t 0 inene rf mercut 
opp sed. In all systems the altimeter and in some mea e, the In the realm of less commo) ised instruments are fue 
“ato ate-of-climb indicator are relied upon; the directional gy) fl meters, torque mete u! fuel-a rat ndicat 
y at ind the gyroscopic horizon are essential in maintaining : Bridled-vane fuel fl et ising Autosyn mot ha 
rm ight, level course een developed by Pionee ! type hich the ! 
eh a Many experimental instrument landings have been mad act pressure of the Tue ! na tapered tube 
brat iccessfully at airports. Emergency instrument landings at inced by the eight of the ity) ged ba ( litabie 
f t ports are possible today; landings made regul: yin] ! experiment iS¢ hee ty} ive not a 
rs t sibility seem to be just around the corns imple, light al ehable means 1 tant indicat 
. t | e mete f ! ! ( t 
me tomatic Instrument Landing re a : ee ; ‘ exp mi ‘ : ( ‘ 
mpl he Army) Ain Corps has recently ann unced the develo Breeze fue A iti ndicat analyze tne ex! ist 
ral ent, and the successful use, of a method of making aut mi iring its thermal conductivity 
ts atic instrument landings!". In this method the airplane t f the input fuel-a t These are used A) 
~ | } \1 
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The f 1p" st ( 
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nt At ( $ rie 

mt : dal kK > I Tt! = nce 
t heating effect f an electric current to ob 

ial deflection of t bimetals, one at the tank and 
it the indicator. The method can be used also to me 
tne il pressure and the cooling water temperature 
‘competitior th the customary instruments. Another ¢ 

; double-co ndicator, one of hic 


Indicating and Recording 


Only a few of our indicating 
and recording thermometers = ‘ 
are shown here. We also make a 
complete line of Thermometer- 


Regulators which Indicate and 
Control temperature or Record 
and Control temperature. 
Write for Bulletin 255 — THE = STEEL CASINGS 


POWERS REGULATOR CO., 2734 ‘ . 
Greenview Ave., Chicago —231 E. 16th rows for instruments-assemblies 


St., New York — Offices in 45 Cities —See 
your phone directory. 
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x all quantities 
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x all sizes 


Metal Boxes, Panels, Cubicles for Instrument 
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yo nnn en eees seme . 
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ected to part of a divided 
coil to the other part. The 
stance coil is varied by the motion of the tank float. B 


one resistance ¢ 


point of division of. tl 


s are independent of applied voltage within wide limits 


s noteworthy that no dashboard instruments ind 


evel in the radiator or oil level in the crank« 
generally known to many car operators the fact 
the modern car has many automatic cont ers 
ch of course are not installed on all ears is, tl 
r rate of the battery is controlled so as t 
e at high speeds; a thermostat Is used t tail 
r charging rate at lov generator tempe tures 
events current passing through the generat her 
ator is not being driven; a valve cont ! the 
nn of the cooling water in the radiat S erate 
or-pressure type thermostat so that the e latin 
| vasses the radiator until the water in the « 
ited to a minimum temperature (betwee 10 ar 
I’.); the intake gas is heated by the exhaust gas t 
ected temperature determined by a bimetal thermostat 
tion timing is automatically controlled by ele 
one responsive to the suction in the manifold and the 
to the engine speed; and another combination yimeta 
stat sensitive to engine 


temperature and pressut 
] 


ement sensitive to 


man 


fo 


ld 


pressure 


Cc 


ntrois 
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By L. Oj. GRONDAHI 
Director of Research and Engineering, 
Union Switch & Signal Co... Swissval Pa 
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ce a ROM the first surve f 
of the carburetor choke. These controls, and others, F 
a ead to less hit-or-miss operation and to inert 1 ecor 








and reliability. pe! 
, ERT ES 
, s On trucks and buses instruments in addition to those listed evelil i ae ie ' 
t automobiles are installed. Among these are air pressure EE ae wes) 
aht ges if air brakes are used, hub odometers, and door-closed a Ba 
nd + dicators on buses. Speed controllers are sometimes in Whet Sate as sit " 
me stalled. Desirable for safety is an instrument (under d RG Mie tik, wake: Sediuness abpiiiel 
ave elopment) to indicate on the dashboard loss of tire pressur disittliie deminer adn 
r el Vehicle instruments and controllers of the future are modulus, yield points, resistance to wear, all have to be 
ic] those needed in the air-conditioning of automobiles. Auto SELL AG. ELIE IAEA RO GE PL ARERR ee 
atic controllers will undoubtedly be emphasized tion of tracks. bridges. and buildin; Studie Pe aaa 
You will be interested in this NEW 
A-C. RELAY 
ea a 


FEATURES 





iD. Only one moving part 

2. No hum or chatter 

A Mercury To mercury break 

fi. 30 ampere rat ng 

«be No exposed ar: 

. High speed closing and 
opening 

7. Corrosion, dust dirt 
cannot stop it 

&%. Listed under Reexamina 

— T A T tion Service of the Un 


derwriters Laboratories 
THAT GIVE LONGER LIFE Inc 
%. Easily installed 
Ward Leonard plate type rheostats dissipate heat more 10. Maintenance fre 
; rapidly by radiating it from both sides. Thus hot spots ; : 
; are avoided and resistance elements, insulation and eh Se eens ene 
ies contacts are not subjected to destructive 
temperatures. That is why Ward Leonard H-B ELECTRIC COMPANY. 
rheostats live longer 


{vailable in 6 8” and 13” sizes in 


mountings and resistance tal 





ues. Send for descriptive bulletins. 








Broa St Phila Pa 
| 
| RD LEONARD 
ELECTRIC COMPANY sities 
rn j 38 SOUTH STREET, MOUNT VERNON, N. ¥ Posit 
ELECRI¢ CONTRO DEVICES SINCI SO. Add 


























VITREOSIL 


Vitreou 11iCa 





Rods and Tuhes 


Translucent .. Circular or 
Non- Circular Section For Instrumentation 


Problems on Re search or Commercial Sx ile. 


If vou are not thoroughly familiar with the 
unusual electrical, optical, thermal and chemical 
properties of vitreous silica. send for booklet 


About Vitreosil 


The Thermal Syndicate, Ltd. 
12 Kast 46th St New York, N. ¥ 
































EXTRA RESISTOR 
PROTECTION 
at NWo Extra Cost! 


The special cement coat- 
ing of IRC Wire Wound 
Resistors is specifically 
designed to eliminate the 
weaknesses of old style 
glazed resistors . . . crack- 
ing, breakage. deteriora- 
tion under heat, failure due 
to moisture. It is your 
guarantee of maximum 
protection at minimum 
cost—a fact proved time 
and again by actual field 
performance all over the 
world. Write for catalog. 


INTERNATIONAL RESISTANCE CO. 


4|7 N. Broad Street 
Philadelphia, Pa. 














la involve the use spectroscopes and spectrograp 


etermine con sition; microscopes, microphotographs 
X-rays to determine ystal structure, and to detect in 
rect I ic seams, laps, or cracks in the mat 
( mignt edu tS ¢ s10on resistance or phy 
tronot] 
ever ( mportant Lie tne studies and accept 
test f the mate s used 11 iilding rolling stock su 
cal ind locomotives, hether the railroad is steam, 
tric iese turbine-electriec or Diesel-electric. Mors 
eve ‘ lesign eml es the results of quantitativ: 
CALE ch numerous instruments are used, inc 
ic Ter nes as riding-quality accelerographs. 
Whe e come to the actual operation of trains, we 
ntirely different sets of instruments, some used on 
initial testing; others in regular operation. On a locon 
f whateve type there are speed indicators and reco 
ind sometimes acceleration indicators. If the locomoti 


+ 


train-control or cab-signal territory, 
s at least an automatic signal in the cab which indi 

whether the track ahead is or is not occupied, or wh: 

the circuit is opened for some other reason (such, fo 

stance, as the dangerous condition of a broken rail) 

locomotives equipped with train control, the signal apy; 

tus cooperates with the speed indicator or the govern 

actuate the brakes and takes the control of the locom 

out of the hands of the engine driver whenever he neg 

‘o obey restrictive signals. 

On a steam locomotive, in addition gages indicate b 
pressure, cylinder pressures, exhaust pressure, air p! 
sures in the brake system and in the air reservoir. Ot 
instruments indicate boiler furnace temperature, ex: 
gas temperature and composition, and boiler water temp: 
ture and acidity. Gages show water levels in the boile: 
in the tender; and alarms indicate when water level 
dangerously low. 

On an electric locomotive we find, in addition to 
system instrumentation, a complement of ammeters, 
meters, wattmeters, relays, signals and other items of « 
trical instrumentation. 

On Diesel-electric locomotives, these are supplemente 
fuel gages, oil pressure gages, fuel pressure gages, cylil 
pyrometers and in some cases instruments to indicat 
completeness of combustion such as COv and CO indicat 
On the new condensing steam turbine-electric locomot 
the instrumentation corresponds almost to that of a 
tral station. 

The braking of a train is safeguarded by different 
of automatic-control apparatus: (1) to regulate the | 
ing effort in accordance with speed—or rate of reta 
tion—of the train; (2) to release the brakes on an 
automatically when the wheels of that axle begin to s 
(3) to regulate brake application at the forward end 
long freight train so that the braking of the different } 
of the train will be applied more nearly at the same 
and with more nearly uniform effect; (4) to retard 
release of brakes at the front end of the train so that 
will be no danger of one end running away from the ot 
Recording pressure gages are used in diferent parts of 
train to check the functioning of the different parts of 
brake apparatus. 

On the wayside there are many auxiliary kinds of 1 
, the automatic signaling systen 





mentation. First of al 
dicates to the engine driver whether he can safely pi 
without interfering with other trains. Fire alarms atta 
to bridges set a stop signal for any train approachi 
bridge on fire; high-water alarms do the same whe? 
vatel reaches a certaln level unde} the bridge. There 
automatic switches and spring switches; as_ well 

tectors to show when a switch is properly aligned a1 
prevent the setting up of a “proceed” signal at a 

unless it is properly aligned. Detectors check the aligm 
yn tracks and bridges and other places where landslide 
ther forces might produce unsafe track conditions. 7 
are slide protectors—fences which automatically set 


stop indication if a rock, which has rolled down a hil 


Ort 
Xi 
npe 
e! 
} 
a 
‘oO 


the track, has struck the fence, or if a landslide 

ise approached the track. Highway crossing p1 
mav be used to indicate to motorists that a train 
ching a crossing, or may be used to interpose a 
hetween the automobile driver and the track. There 
ewise automatic interlockings for producing a co) 
indication for trains crossing at grade. Thi 
equipment includes detectors which, when equip 
the train is dragging dangerously, sets up a stop 

tion or apples the brakes to the train itself 
territory where the traffic is congested, such as elabo 
is or multiple-track roads with many cross-overs 
lic is often protected by what is known as an inte) 
plant, in which all the switches and signals are 
ed from a central office. The apparatus is so at 
that when a route is set up for a train to pass 
gh the territory, the setting up of a conflicting route 
possible, hence the term “interlocking.”’ This makes it 
ible to transmit frequent trains through the territory 
ut danger of collision. In such a plant hundreds of 
ces of apparatus measure the appropriate voltages o1 
ents and respond with the indicated operation. 

more extensive territories, such as long stretches of 
e-track road with many passing sidings, a similar re 
is accomplished by “centralized traffic control,” in 
ch a pair of wires strung along the railroad carries 
current whereby the location and the desired condi 
are selected. When the change in condition desired at 
office has been set up, the apparatus automatically 1 

rts back so that the office operator gets an indication. 


l 


Both in an interlocking plant and in a C.T.C. plant, the 


erator is provided with a plan of his portion of the rail 


d. This plan, on a board, is “animated” in that it indi 


ites the position of all switches and signals as well as the 


ress of a train through the plant, thus keeping the 
ator at all times informed of the condition of the road 
f the traffic. 
Electric trains are provided with remotely-operated cit 
controllers and indicators that the controllers 
netioned; automatic breakers to open the circuit wher 


ne condition produces an overload; also remotely-con 


ed accelerators and remotely-controlled brakes, each of 


ch indicates by two telemetering circuits that they have 


ave not operated. 


On an electric train there are various types of braking: 


generative brakes connect the motors as generators so 


hey serve aS a decelerating means Air brakes il'e 
to those used in steam-road territory. Eddy-current 
kes are controlled by controlling the field of an electro 


et which produces the eddy current in a disk 
et Track brakes consist of electromagnets held mag 
tically against the rail to produce frictional resistance 


aking systems are applied singly or in multiple in 
sired combination under the command of instrument 
espond to the speed of the car or train, the decel« 
sired or existing, and the degree of brake applica 


by the operator. 


\ conditioning equipment on passenget IMs deyprye 1 
ether for its proper functioning on instruments whicl 
matically control temperature, air flow and humidity 
the load dispatcher’s office of an electrically operated 


t 1} 


e are telemeters, load indicators, synchroscopes, 
er apparatus to determine at all times what parts 
e load are being supplied by different generating sta 
and what parts are being used in different section 
vad. The dispatcher is enabled thereby to distribute 
vad. This he does by means of instrumentation for 1 
controlling the starting and stopping of g 
nnecting-in of transformers, and otherwise the cor 
ng of all the power machinery at different generating 
‘forming stations. 
power stations, as well as the locomotives and mul 
nit cars, are provided with equipment to automatically 
it and isolate any part not functioning properly o1 
ected to unsafe conditions. This equipment provides 
nst over-temperatures through thermal control; failurs 








For Smooth (Manual) Voltage Control 
of A. C. Loads up to 2000 Watts 


VARIABLE VOLTAGE 


| TRANSFORMER 


esVooTH CONTRO! ol 
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@ewWilDh RANGE OF ADIUST 
VEIN 





@pratl CALIBRATED IN 
VoLrs t 


ec ook OPERATION 





@®ADVANCED DESTGN 


Fully Described in Bulletin 1115-D 
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8010-8020 Georgia Ave Silver Spring, Md 
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Can Be Had With Regular Meta 
ND for | 


Dial, or Glass Dia 
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Model 726 
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Sued 


® A.C. AND D.C 

® SCALE LENGTH 
APPROXMIATELY é 

® MOLDED CASE | 


iiumination 


Triplett's beautiful line of 7” 
instruments has all the refine- 


ments and advantages long ° SEMI-FLUSH | 
. a oe p MOUNTING | 
associated with Triplett Pre- . 6 










cision Instruments. Available SCREWS 


with edgewise illumination. EXPOSED 
Light is diffused through the 
glass dial and illuminates scale 
markings prominently. These 
larger movements are built 
and priced on a quantity pro- 
duction basis. Full details 
on application. 

















of « the What Instruments Do for the Food Industrie 
mainte ct I eltape 1 pl f elations between diffe. 

: (Concluded trom page 18) 
ent part if the circu ve 1 in general al type ; 

f undue strail failure. Without tl elaborate instru foods for which minimum color values have been establi 
mentatior t ild be well-nig! possible t yperate the under the Federal Laws. Hydrometers on the Brix, Ba 
exte e and con cate ( tem equired for mod or Salometer scales find use in determining the percent 
( electri ‘ peratior of soluble solids in the liquid packing medium. Ele 

Mi a , iis “iin: wichita, metric and to a limited extent colorimetric pH instrun 
penne | Nabanen. the Sei +t on are in frequent usage for canned food inspection. Va) 
aes saiaiiad aa Sti sailor dente ee ree types of viscosimeters are required for measuring the 
ene ities: sai ATE etthe oil at. as sistency of the product which often constitutes an inde 
Say pere ae ‘dite i adlidl quality. Abbe and immersion type refractometers, spe 

Me ; alit POR meee es i ; rravity balances or picnometers are needed to check 

es es total solids of tomato purée and paste to make certair 
sacs a vatches meet the specifications of the grade for 

rt ratus descrine um TEneSs ar the product is being sold 
en ed the r t ¢ enecked Trequently I} 
onent moannremcnt i dete In addition to the foregoing instruments, the invest 
. tae « awit characte tic n of spoilage problems necessitates the use of more } 

‘ decciatetabel a lit . inne: demain ‘wisi diversified instruments. The use of gas analysis unit 

a ee ks, eal Rad an intnite mimsitivity amt ot test the gases in the headspace of the can serves to ind 
off FRE Nia dind rl) amitiiae sbladelaekints vhether the spoilage was due to bacterial growth c] 

‘ ? : hich the ean be checked against stand cal action. Bacteriologists rely upon the microscope an 
Since the complete operation of a railway system dk thermally controlled incubator to detect and grow the n 
ends on instruments, the standardizing Lala icons — organism suspected of having caused canned food spo 
come one of the most important parts of the railway op From the morphology of the isolated organisms, the 
erating svsten hbacteriologist can determine whether understerilizati 

7 ee ee ee ee eee failure of hermetic closure was the causative fact 
afetv of rail transportation is dependent on the functior volved in the spoilage investigation. The centrifuge 
f apparatus and leas nenenin The reliability of all aids the bacteriologist in concentrating pure cultur: 
materials, the adjustment of all the intricate apparatus so food spoilage bacteria to enable further study of 1 
as to provide satisfactory co-operation, the information in resistance to chemical and physical treatment. It is con 
regard to the functioning of all apparatus, to the condition practice when encountering food spoilage to strip the 
f all essential parts of the system and to the location of and bottom seams from the cans involved in the invest 
all trains, make it possible to carry on this important tion and measure their dimensions by means of a micro1 
branch of communication and transportation economically to make certain that faulty seam formation did not 
and safely tribute to the spoilage 











Vacuum 
Thermocouples 


A COMPLETE LINE 


embodying 
man) 
unique 
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@ DEPENDABLE STABILITY 
@ MORE EFFICIENT 

® HIGHER OVERLOAD 

@ FASTER RESPONSE 


One of the boiler panel frame works 
with “ hvane Electric Flow Meters 
i the ). S. Capitol Power Plant - SMALLER SIZE V4" hd 
@ LOWE T 
Uncle 5 ee LOWER COS 
ow, charges ft steam consumed by seven gov L 
se > + 
ernment buildings served by the Capitol Powe These thermocouples will meet the 
Plat Washington, are itely allocates most rigid specifications. Prompt de- 
waste eliminated and ourm the 16 bo‘lers livery is assured. Write your require 
properly co led b Cochratr I s Me 5 ments to 
Sixteet Tt sa im tt Powe P sixrec 
tt s gether with thirteen Cochr e Pressur 
Recorders, are located in the Governm Bu AMERICAN 
nes Le Cochran Meters keep Te ‘ 
check nm you boilers and turbines a 
este dap diiinagiien ‘ Electrical Sales Co., inc 
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3120 N Tth St 


Piiladelphia, 


67 E. 8th St. New York, N. Y. 
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the field of research, food technologists in the many 
itories of the industry are seeking continuously for ROTARY SELEC i OR 
blis ved methods of canning foods that will enhance the 


Ba ty of the finished product. In addition to the vast SWITCHES for Use with 


unt of physical, chemical and electrical laboratory in 


‘ec iments needed for such research, photographie instru T H E R M O C Oo U P L E Ss 
ts used for motion studies. Photomicrographic in 


um are 

Jay ations permit a permanent record of scientific observa 

1e s in canned food research problems. The investigations 

ide rusting problems require the use of humidity meas 

Spe ge and control instruments. 

ck For thermal studies, potentiometers fitted with scales 

in that ling directly in degrees Fahrenheit are used in con 

W ction with especially designed copper-constantan thermo 14 See 


18 wp 


nles for determining the rates at which conventional o1 
formulated products conduct or convey heat fron 





on heating medium to the slowest heating areas of the can There is a “LEWIS ENGINEERED SWITCH" suitable 
hig tents. Heat penetration data obtained by means of thess for every muluple themocouple installation 
nat truments permit graphic interpretation of the tempera Every Switch has an “OFF” position. Every model is 
ndi¢ ire/time relationship, the latter component being dete designed exclusively for the small voltages generated by 
chi ned through the use of chronometers. Determining the thermocouples. Low contact resistance permits very ac 
nd terilizing value of a specific thermal process in some in curate readings 
m tances involves integration of the heating-cooling curves STANDARD STOCK MODELS 
01] ich is facilitated through the use of the planimeter. Bac Nin. ut Bos Se ine 
e f Only brief mention has been made of the many instru No ang O.D \ 
ior ents that the canner relies upon in regulating and con “ re “g 7” 
to. rolling canning procedures. Perhaps this discussion will 108 6. 9, 12, 18 0 9 
-e erve to acquaint those engaged in other fields of scientific 12S 24, 28 1.0 
re endeavor with the wide application of instruments in this DELIVERIES WITHIN 48 HOURS FROM 
' ndustry. If the present trend is an indication of future RECEIPT OF ORDER 
- levelopments, it is not unreasonable to predict that the Bull 26 aim 
he next step in many of the applications is the extension of ne n Request 


neal the use of continuous recorders. Such instruments permit THE LEWIS ENGINEERING CO 
o 


ininterrupted and permanent records of the time and tem 
perature phases of canning technique which are important NAUGATUCK, CONNECTICUT 
factors in retaining color, flavor and texture. 




















For determining the 


ABSOLUTE VISCOSITY American Industries Must 
of gases, oils, 
and WILL March On! 












viscous tars, 


syrups, etc. 

















Ss id this ( 
t Instruments, you envision further progress in yout 
Li yreater economies and efficiencies through suitable instrument 
I Model B . “ , ‘ “ , 
( Being a practical man, vou will not Merely wish: you wi My 
= HOPPLER VISCOSIMETER study definite problems and specific applications. In order 1 ik 
f according to the FALLING BALL PRINCIPLE 
u Se Ne lecisions you will first gather helpful informa 
D Viscosity Range: 0.0! to 1,000,000 Centipoises eee Retinal + Cease shia ad _ 
ot Accuracy: 0.1% to 0.5% 
Direct readings in Centipoises (or centi- Helpful information will be found in tl italogs of t Mi 
stokes). Small sample (30 cc.) required. Re- : , | 
Instrument Co., which has served American Industri ! s¢ 4 


sults consistent and reproducible. So accu- 


rate that the difference in viscosity between : laa: Se curs indeies. Let aoe en 
is re @ Lilt yt | OWI 1 \ Stl y AL y 4 il ils { 


e i] 
ICER distilled and tap water can be measured. 
KLET \VAILABLE AT LEADING send for the Moeller Catalogs 
Nae ABORATOR pp DEALER 
) Bulletin HV 251 on request 
* 
Mercury Red-reading Column Thermometers Dial Thermometers 


when requesting detailed information, state 
snge of measurements required. 


FISH-SCHURMAN CORPORATION 
U. S. Agents 
250 East 43rd Street, New York 


Recording The-mometers and Psychrometers Multi-Pen Recorders, Etc 





4 89th AVENUI 


Moeller faelrumen!t Ge. wamonn im, new yor, n> 
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AUTOMATIC TEMPERATURE 
AND HUMIDITY CONTROL 


for Industrial Processes, and 
fir Conditioning 
Phone or write our nearest office for 
bulletins. THE POWERS REGULA- 
FOR CO., 2734 Greenview <Ave., CHI 
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STICHT SAYS: OPTICAL UNITS 


Don't Buy Any for instruments 


TACHOMETER ' 


until you have 


BUILT BY the Dr. Horn ae rr 


FALSTROM ” Fegieadiiges Qoarts . . . Plano Parallels to 
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y! world specify FALSTROM *RING PENDULUM THAT WILL 5 
acs! aN im > TAKE MAXIMUM PUNISHMENT 
Master Optical Company 
siete: tauiiaihacidina HERMAN H. STICHT & CO. | ps 
TRENGTH eave re en Quality Tachometers Since 1918 es | ind P 
[ RAB TY Detan Mate 27 PARK PLACE NEW YORK 19 WW. 36th St. New York. N. if 
ALSTROM s 3 s 
ng service in all tye is 
rocess operation 





HAZEGAGE | § 


“ELECTRIC EYE” COMBUSTION 


INDICATORS 


Give instantaneous notice of combustion 


Combination Cracking 
Polymerization 
Splitter & Stabilizer 
Chemical Processes 
Power & Public Utilities 


~ ie at 


changes and enable you to stay nearer peak a 
+. FALSTROM e 








efficiency. They supplement other instru- 


ments and controls. 
Write for Free Bulletin P l 
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